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DECLARATION OF J. CHRISTOPHER GRIMALDL UNDER 37 CFR 61.131 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 



I, J. Christopher Grimaldi, declare attd state as follows: 

1 . I am a joint inventor of th# invention claimed in the above-captioned patent application. 

2. During the time period ill which all of the events and activities described herein occurred, 
I was employed by Genefit&sh, Inc., the assignee of the above-captioned application. 

3. All of the events and activities described herein were performed by me personally, or by 
the other joint inventors, as part of our duties as employees of Genentech, Inc. 

4. The invention claimed in the above-captioned patent application was conceived and 
reduced to practice prior t£ December 29, 1 999 in the U.S. as described below. 

5. Prior to December 29, 1909, I and the other co-inventors conceived of the 
invention claimed in the above-captioned patent application, and thereafter reduced the 
invention to practice, as evidenced by the enclosed copies of pages from my laboratory 
notebook, LB #33720 and the corresponding electronic file and binder with all of the 
oligonucleotide sequences. Prior to November 24, 1999, the idea of investigating several 
newly discovered DNA sequences for their relevance was conceived, including 
developing primers and analyzing expression of the DNA sequences of interest in normal 
and tumor tissues. The enclosed laboratory notebook pages 18-19, dated November 24, 
1999, shows evidence of conception, in that many of the primers had already been made 
and that PCR reactions were performed. Page 19 of my laboratory notebook shows the 
expression of various DNA sequences in a variety of tissue types. 



6. After these initial experiments, I continued to produce primers and to identify 
expression levels of other DNA seqtt&ices. The enclosed printed copy of an electronic 
file shows that many of the primers Which had been previously identified were made on 



o 
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March 6, 2000, including the primers for DNA 26843, the DNA which is relevant to the 
presently claimed invention. This data shows diligence in reducing to practice following 
conception of the invention. Thereafter, the primers were tested for expression in various 
tissues (see the enclosed page 3 from an oligonucleotide binder showing gels dated June 
13, 2000). This page shows a series of gels in which the primers were used to determine 
tissue and tumor expression levels fdf the various DNA sequences. The levels are shown 
using a +, and +/- to indicate the amount of the specific mRNA which was detected. 
The expression data for DNA 26843 is shown in row 13 in this series of gels. This data 
shows that the DNA is amplified ill re6tal tumors, as compared to normal tissue. Actual 
reduction to practice therefore oe6Uf¥ed on June 13, 2000. Thus, I conceived of the 
present invention at least as early as November 24, 1999, and was diligent in reducing the 
invention to practice on June 13, 2000. 



7. I hereby declare that all statements made herein of my own knowledge are true and that , all 
statements made on information or belief aite believed to be true, and further that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 §f Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued thereon. 
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<62377 . f 2>GTG€TGCCCCGTTCAGTGTGA 
< 6 2 3 7 7 >GGCTGGAAGAGGTGCTGAGCTCCT f*) 
< 64 9 6 6 >TCTGTAATGGCAGTTTGAGGTGGTATt«ACAT 
<64966 . r2>TAGGCACCAGACTAAGCTGATATTCATTTCCTG 
<66677.f2 OLI 2 4 9 8 1 >TCGGCTTATTCCAGGGGTGTGTTTC 
<66677 .r2 0LI24982>AGCAGTGCACAT'CACATCAACCTCTG 
<68862 . f 2VCAGCAAGTCTCGAAGTAATGCATTTGCTG 
<6 8 8 62 . r 2 >GGCACATTGCAGGGCTGAACAG 
<68883 . f 2VGGTTGGTGGCCTGGAGCTCTTCC 

< 6 8 8 8 3 . r 2*>AGGTGCACC ACGGGCTCAATG 
<7 3 7 7 5 . f 2V CTTCATGAGTGGTCGACTTATGGCTTTG 
<7 3 7 7 5 . r 2kCGCAATGTATTCTTGCTGCTTGTAGGAGA 
<7 6 3 8 5 . f 2V GGAGAAC ACACCTCTGATGGAC AAAGG 
<76385 . r2/>GACACCATGAGTAGGCACGTTTGAGTCA 
<76395 . f 2VCCTTCCAGCTGCAAGTCCGTCC 
<7 6 3 9 5 . r 2/>GGGACAGGGACACTGAGAAGTTCGATG 
<7 6 4 0 0 . f 2 >CAGTCGATCCAGCTGCACCTTGTT 
<7 6 4 0 0 . r 2 >ACTCATAGTTCATCAGATGTACTGTTAGCCCTTG 

. <77622 . f 2>CGAAGACTTCTCGATCCTGCTGGCAG 
<77 622 . r 2 >CATCGGAGCTGCTGCGACTCC 
<77623.f2 >ATGCAGCTGGGCACTGGGCT 
<77623.r2 >CAGGACTTCCCTAGGACAAGCGGTG 
<7 7 62 4 . f 2 >CCAGTTAAGCAATGTTGAAATCAGTTTGCATC 
<7 7 6 2 4 . r 2 >GTGTCCCTGCAGTGCCCACCT 

<77626 . f 2 OL 1 2 4.9 8 4 >CAGTGGTTGGAAGGACATGTTCAATGTG 
<77626.r2 OLI 2 4 9 8 5 >ATCTGGATGTCTCCAATCTGGATGTGTG 
<77 63 1 . f 2 >ACCTGGAGGAGCTGCTGACTGCATTC 
<7 7 6 3 1 . r 2 >AGATGCGAGGAACATGGATGCAGG 
<79862 . f 2 >AGAGGCCACAGAGGAGGAGAAGCA 
<7 9 8 62 . r 2 >GGACTGTGCTCTAATGGACGCAGACTC 
<80136 . f 2>CGTGGCCAGTGACTGCCAACTC 
< 8 0 1 3 6 . r 2 >GACCAAACCCTCATGGAGACATTTCTCTG 
<19360.f2 OLI24987 >TCAGTTCAATGCTGGTTTATGGAGCAATTTC 
<19360.r2 OLI24988 >TCAGGCAGGTAAGTAAGGAGGTGGTGG 
<43305 . f 2VGGTTCTCCTGAAACTTCAAGGTCCCTG 
^><4t 3 3 0 5 . tm) f >ACCTCAAAAGTCAGACAATTACTAGACACT 

<44174 . f 2 OLI 24990 >GGTACAACTCACGAATCCC!TTCTACAGTATCTG 
<44174 . r2 OLI24991>CCACTATGGACACCCAGATCGCC 
<45409.f2 OLI24992 >GAAAAGAAAGGC ATATCTGATGTC AGGAGGAC 
<45409.r2 OLI24993 >CCTCTCTGAAGCATCCTGAACTATC AGGAG 
<47465 . f 2 OLI 24994 >GATGCAGCTGGAGGAGCAGCAG 
<47465.r2 OLI24995>CACCACACAGGCTCGAGCGTTTG 
<56049 . f 2>TCACTGGACCTAGAGAAAGAAGTGATCTGG 
<56049.r2 >GACAGATACGTGTCCTGATCCTGTCACAAG /$ 
<f2 OLI24 99 6>GGATCTAGCAAGCACTGCAGGACTGTC ^UP 
<r2. OL 124997 >GTACACTCTGC AACGCAAGTC ACAGATG 3 
<57700.f2 OLI24998>CCACGATGCTGCATCTTGGCTC 

< 5 7 7 0 0 . r 2 OLI 2 4 9 9 9 >GGGTACAGGACGTGCCTCCTGTTC 
<58799 . f 2 >CATGTGGCTTTGCCCAGCCTG 
<58799.r2 >GGGAGAGCTGCGTGGGAGCTT 

<59837 . f 2 OL 125000 >C AGTCGGTGG ACTC AGATC AC AGTGG 
<59837.r2 OLI25001 >GGATGTTGCCTTGTACAGCTGTGTCCTTC 
<59844 . f 2 OLI25002>CACTCCTCCACCAGGACTCGGAG 
<59844.r2 OLI 2 5003 >GGATTAGGGAAGCCAGCTGGGATG 
<59847.f2 >CCAC ATCGAATACCGAGATGTGCG 
<59847 . r2 >GCCACGCAGCCCTGAATGC 
<60281.f2 OLI25005>GCCCTTTGCAGTTTGCCAGCC 
<60281 . r2 OLI25006 >C ATG AGGGG AAACTGAGGGC AGG 
<60292.f2 OLI 25007 >CAGTCCACCATGATCCATCTGGGTC 
<60292.r2 OLI25008>CCTGTGCCACCACACACCATCC 
<80 899 . f 2 OLI 2 5009 >GTGAGCTAACTGACACAATGAAACTGTCAG 
<8 0 8 9 9 . r 2 OLI2 5010 >GAACTCCTCAAGACCCAGGCAGAGTAGG 
<81754 . f 2 OLI2 5011 >AGACAGAGTCTCACTCTGTCACCCAGG 
<81754.r2 OLI25012 >CCATAGCACAGCAGGGAGATGACAGTT 
<81757.f2 OL 125013 >GTGAGTACTTGGTC ACAGCCCTGGAG 
<81757.r2 >GGTGTGTATTACAAACTCCTCCTTCGAGATGG 
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. f 2 OLI25014 >GTAG AGACAGGGTTTCATCATGTTGCTC ATG 
. r2 OL 1 2 5 0 1 5 >GGGTGGCTTTGCTTATCCTCCAGATG 
. f 2>TCCAAAGGCATCTACTACGTGCAGCTG 
. r 2 >GTCCTCGCGCAGGTAGGCTTTCTC 
.f2 OLI2 501 6>GGTAGACGGAGAAGAGGACGTCGG 
.r2 OLI2 5.0 17>GCCGCTGCTAGATTTGCCAGATG 
. f 2 OLI2 5 0 1 8>CCACCTACACCAGCCTACCTCTTGATTCC 

• r2 OL 1 2 5 0 1 9 >CAGTCATGTCTGAGCGTCACTTTCCC 
.f2 OLI25020>CCAGGATCCTGTCCTTCCTGTCCTGTAG 
. r2 OLI2 5 02 1>CCCAGCAGTAGCTCCATTGAGAATACAGTC 
. f 2 OLI25022>GGTCACCATGCACCAGCCAGTG 

• r2 OLI2 5023 >CTGGGTGCAGTACTTCAGCTCTCTGG 
. f2 OLI25024 >GAGGCTCTGTAAACCATGC AAGCTTGAG 
-r2 OLI25025>GGTGCTTGCCACCCTGCACTCTAG 
. f 2 OLI2 5 0 2 6>CTGGGATTATAGGCGTGACCACCATG 
. r2 OL 125027 >CTAAGACTCAGTGACCTACCCC ACTGACAAG 
. f 2 OL 125028 >TTCACGCTGGTGCTGAGACAGGAG 
. r2 OLI25029 >GT AACGCGC ATGAGCTCTGAAGC ATC 
-f2 OL 125030 >CATGACCAGGATCACAAAGTACTGGTCCTG 
.r2 OL 125031 >GCAGTTTCCTAATCGCTGACCTCACTG 

f 2 OL 125032 >GGAGGCTGTGCTGAGTTTGTGTGG 
r2 OLI2 5033>CTAAAGCCTCTAGGGAAGAATTCTTCTTTGCCTC 
f2 OLI25034 >CTTACCTCC AGCTTCGAATCCGCTG 
r2 OL 125035 >GGTTTCTATTGGGTTCCACACC AGAGGTAG 
f2 OL 125036 >GGCAGAGTCTCCCGGAGC AGAG 
r2 OLI25037 >GAC ACCTGCGCTATAGC AGCTGTTGT AG 
f2 OL 125038 >GTGATCTGTGACCCGGTGGTGTG 
r2 OL 125039 >CCACATCTGCAGGTGATACAGCTCATCTC 
f2 OL 125040 >TGAAGAATGGCGAATCCATTGCCTC 
r2 OLI2 5 0 4 1 >CCAGCACAGCACACTCCTCTGGTC 
f2 OLI25042>GCGTGGCCGGCCTGAAACC 
r2 OLI25043>GCCTCTGCGTCTCCACGTGG 
f2 OLI25044>GCGGCGACCTCCAACCATG 
r2 OLI2 5 0 4 5>TCTCCTCCGATCTCTGGGACACCTC 
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• <16422.flO OLI28176>AGTTG(^CTATGCTGGC^CTGGAGG \ 
<16422.rlO 0LI 28177 >CCCAGA l fGTTTCTTACTGGCTCCTCACTAATC 
<1643 5.flO OLI28178>GAGGCAACTAAAAAGGCTTCAAACGTTTTG 
<1643 5 . rlO OLI28179>CAAAATCAATAACGTCATCAGCTTCCTAACCATG 
<23334.flO OLI 2 8 1 8 0 > CGTTGGTTGAAGGACCTAAATACCTGGC 
<23334 .rlO OLI28181>CTTCTATCATCACCCAGCTGCATGACG 
< 26843. flO OLI28182 >GCAAGTTCATGCTCTGAGTCCTGAAGAG 
<26843 .rlO OLI 2 8 1 8 3 >GGTGCAGTGTCATAGAGGGTTAATCCATG 
<26844 . f 10 OLI28184>CCAATTCTGAACATTCCCATCGTGC 
<26844.rlO OLI 28185 >GTGCTGGGATTACAGGCGTGAGC 
<26844 . f 10>CCAATTCTGAACATTCCCATCGTGC 
<26844 . r 1 0 >GTGCTGGGATTACAGGCGTGAGC 
<30862.fl0 OLI 2 8 1 8 6 >CACCTGAAGGTGATGCTCCTGGAAG 
<30862 .rlO OLI28187>GCGGTTCCATCGCAGATGACC 
<40621.fl0 OLI28188>CTGGCTGCCCATGATGACCTCC 
<40621.rl0 OLI28189>CTCCTGCCTCAGCCTCCCGAGTAG 
<44161.fl0 OLI 2 8190 >GAAGGACATGCGCGTGCAGAC 
<44161 .rlO OLI28191>GAGCTGGTGCTTTCCGCTGCC 
<44694 -f 10 OLI28192>CCACAGCTGATACGGCATCCTGC 
<44694.rl0 OLI28193> CCAGAGTCTGCATGAGCACCAATG 
<4832O.fl0 OLI28194 >CCTCACTAGCACCTGGAATGATGCTTTG 
<48320 ,rlO OL 1 2 8 1 9 5 > CACTCATAAGTTGCACATATGCTCCAAGGTC 
<48334,fl0 OL 1 2 8 1 9 6 > CAAGGAGGCAAAATTTTGACAGGGAAGG 
<48334 .rlO OL 1 2 8 1 9 7 > CTACACACAGAATAAGGTTGGGGAATTAAGCTG 
<48606.fl0 OLI28198>CAGCATGCCAGGCCTCACG 
<48606 ,rlO OLI28199>CTTTCTCAGGCCTCCTGGCCAATAG 
<49141 .f 10 OLI2 82 0 0 >CCACGTATCTCATGTGCCGAATGTG 
<49141 .rlO OLI28201>GTGCAGCCTCACACTGCCTTCTCC 
<49647.fl0 OL 128202 >GGCAGTGAACACATCTGATTTCCCACAG 
<49647 .rlO QL 1 2 8 2 0 3 > CCCTCAAAAGCCAGTTACATTACATGTTCACAG 
<49819 .f 10 OL 128204 >GGTTGCCATTCCATAGGTTTGGAGAGC 
<49819 -rlO OLI28205>GCATTCACCTACCTGTCTAACCCTCACATG 
<49820 . f 10 OLI2 8206 >GAGAAGCTGACTGAGGAAGGCTCTCCC 
<49820.rl0 OLI 2 8 2 0.7 > CTACTGGAAGCAGGCACAGTGTCACTAGC 
<53913 . f 10 OLI28208>GCTTCCGTCCCTGAATCCCTTCG 
<53913.rl0 OLI2 82 0 9 >GTGTGAAACTGCTTGGTGGCTGTTCC 
<53978 . f 10 OLI 2 8210 >GTGATGAATGGTCACACACCGATGCAC 
<53978 .rlO OLI 2 8211 >GAATCCTGGGGGATCAAATCATATGAATG 
<53996.fl0 OLI28212>CCAGATGGCACGACACTGCCATG 
<53996-.rl0 OL 1 2 8 2 1 3 > CCAGAACAGCAGTGAGGCAGATTGATG 
<56050 • f 10 OLI28214>GAAGGCTTCCTGCAGGAGCAGTCTG 
<5605O . rlO OLI2 82 15 >CAGGCCAGGTGAGAGAGTACAAGTCTTGC 
<56110.fl0 OLI 2 8216 >GTAGCCGGCTTGGCTTTTGTAATTGG 
<56110.rl0 OLI2 82 17 >GGATGGCTGAGTTTCGCACATTGTG 
<56410 . f 10 OLI 2 8 2 1 8 > CCTGAAGCTAGTCCAGCTAGTACACCACAAATC 
<56410 . rlO OLI2 82 1 9 >CAATCCTCCTGACTTGTCTTCCCTAAGTGC 
<56436.fl0 OLI2 8 220 > GAAATGGATTAGCCAACCAGGGCAAC 
<56436 . rlO OLI 2 8221 >GGAGCAGGAACCAACTCAATGCACAG 
<56855.fl0 OLI2 8222 >GCAACTTACAGCTGCACCGACAGTTG 
<56855.rl0 OLI 28223 >GAGAGCACTGGAATGATTTAGGGGTGG 
<56859.fl0 OLI 2 8 224 >GGCTGTCTTAGTACTTCGCCTGACAGTTGTC 
<56859 . rlO OLI 2 8225 >CCATCAACTATGTGATCCCAAAGCGC 
<56860.fl0 OLI 2 8 2 2 6 > CTTCATGTGGCAGCAAGTTTTCGAGC 
<56860.rl0 OLI2 8227 >GAGACGCATGGGTGTAGCCTCAGG 
<56865 . f 10 OLI 2 8 228 >CTAACCAACTGGAAAAATGGATGAAACTCAATG 
<56865.rl0 OLI2 8229 >GTCTGTCTGGGAAGCTGACTGCCAGAC 
<56868.fl0 OLI2 8230 >GGATTCCGAGAATCATTGTCATGTACATGC 
<56868.rl0 OLI2 8 231 >GTTCCCTCCTCATTCCTTAATGAGTGCTTG 
<56869 . f 10 OLI28232>CAACTTCGCCCTGGAGCAGCTCTTC 
<56869 . rlO OLI28233>CTCCAGCACCCTCAACATGATGTAGCC 



<5687O.fl0 OLI28234>GAACT(Q^ GA< ^ TGCTGT GGAATCC C 
<5687O.rl0 0LI2 8 23 5 >COTGTCCCAGTAATGCCAACTTGGA.G 
<57699.fl0 0LI2 8 23 6 >CCTACGGTGAGAAGCTTACCATAAGCTTGG 
<5769 9 . rlO OLI2 823 7 > CATGGCATGGCTACCGCTTCCTTAG 
<57704.fl0 OLI2 8 2 3 8 >GCCCCAATGCCAAGTACGTAATGAAG 
<57704 .rlO OLI28239>CAGTGTAAGCCAGCACACTGACCTCC 

< 5" 7710. f 10 OLI28240>CAGCCTCC7^AGCCATCATCACCAAG 
<577lO.rl0 OLI28241>GTCCTGAGCGACTGCCACCATG 
<57711.fl0 0LI2 8 24 2 >GCATCGAAGCCCGTGAAATCCAG 
<57711 .rlO 0LI2 8 24 3 >GTCAGGCACTGTGGTGAAGGGAACG 
<57827 . f 10 OLI28244 >GCCATCAATGGACATGATCTTCGATATGG 
<57827.rl0 OLI28245 > CCATGTTGTGGTTGGAGTCCAGGG 
<57844 .f 10 OL 1 2 8 2 4 6 > CCGTGGAATGGAGTTGATCCCAACC 
<57844.rl0. OLI28247 >GCCTATCTAAGGTCCCTTGCTGCAAGG 
<58723.fl0 OLI 2 8 2 4 8 >GATAAAACATGCAGCCACAGGCTCTCC 
<58723 .rlO OLI 28249 >GGACCAGACTGTACTGTGGCCATGTACAC 

< 5 8 7 3 7 . f 1 0 0LI2 8250 > GCACACATTAAGAACCTGTTACAGCTCATTGTTG 
<58737.rl0 0LI2 8251 >GAAGGCTATCAGCACCTGCAACCAGC 
<58743.fl0 0LI2 8252 > CACATGCGTCACATGGGCATTTC 
<58743.rl0 OLI28253>GTTCGCACCATTCTCCTGCCTCAG 
<58846.fl0 OLI28254>CCCAGCAGTGGGACAGCCAGAC . 
<58846 . rlO OLI28255 >CAAGACCTATGTTCTGGGGCAGCAGG 
<58848 . f 10 OLI28256>GAACTCCGCACCTTTGCACGCTG 
<5884 8 . rlO 0LI2 8257 >GATGTGTCCTTCACTCACCCGCAGC 
<5884 9 . f 10 OLI28258 >CGAACACCTTGTACTGGGAGTTGAATCAG 
<58849.rl0 0LI2 8259 >CATCACATAGCAGAGTTCCCTCAGCCCTG 
<58850.fl0 0LI2 8260 >GCACCTGTCAAAGCCTAAAGTCACCATG 
<58850.rl0 0LI2 8 2 6 1 > CCACAGTGGAGTAAACCGTATTTGCTGG 
<58853.fl0 0LI2 8262 > GGGACTGACCCTAGTCTGTGTCCATGC 
<58853.rl0 0LI2 8263 >GGGATGCTGTATGGATAGGAAGGGATG 
< 58855. flO 0LI2 8264 > CGAAGGATGGACATCCTGCAATGG 
< 58855. rlO 0LI2 8265 >GCTTAGAGACTCCACACAGACAGCCAAGG 

< 59211. f 1 0 0LI2 8 2 6 6 > CAAGGTGACCTCGCAGGACACTGG 
<59211.rl0 OLI28267> CCTCGTGATCAGAAAGGGGCCTAACAG 
<59213 . f 10 OLI2 8268 >GAGGCTGACACCTTCATGTTTGGAGG 
<59213.rl0 0LI2 8269 >CTCAGTGTGGTCTGGCAGGAACCG 

< 5 9 4 9 7 . f 1 0 0LI2 8 2 7 0 > CCTGACCAAAAAATTCCCAGTAACCAGGC 
<59497.rl0 OLI2 8 271 > GTGGCCAAGTGGATAAAACAGTAGCAGTG 
<59603.fl0 OLI28272> CTGCTGTGGCTGCAGCTCTGC 
<59603.rl0 0LI2 8 2 7 3 >GACGCCAGGAAAACAGCCAGGTC 

< 59605. flO OLI2 8274 >GGAGTACCATCTTCCTCATGGGACCAG 
<59605.rl0 OLI2 8 2 7 5 > CATGGGAATTCAGTGGGACAACATCC 
<59607.fl0 0LI2 8 2 7 6 > CCACTACATGAGCATCACCATCTTGGTC 
<59607 .rlO OLI28277> CTGGCCAGTGACTGTCAGGTTCTCTG 
<59609.fl0 0LI2 8 2 7 8 > CATTCCACTTGTGTCACTGCTTGGAACC 
<59609.rl0 OLI2 8279 > GGCATTGTTAAGCAAGGGCAGCAGAAG 
<59610 . f 10 OLI28280>CTGCCTCTCAGCCCTTACCTGATGC 
<59610 . rlO OLI 2 8 2 8 1 > CCCTGAGTTGCGAAGTGGCAGTC 
<59612 . f 10 OLI2 8282 >GTGAGCGGATGGACCTAGCACTTCC 
<59612.rl0 OLI2 8 283 > GACAGCTACTACTCGCCAGGTGTGCTG 
<59613.fl0 OLI2 8 284 > GAATGCAGCAACACCAGCGATGC 
<59613 .rlO 0LI2 8285 >GACCTGTGACTCCCACTTACTGGGCAG 
<59616.fl0 OLI2 8 286 > GTCAGGAGCCTGAAATCAGGCTGACTTC 
<59616 . rlO OLI28287>TCCTCCAGGCCAATCCTGACCC 
<59619.fl0 OLI2 8288 >GTGCATGTTCCCTGTCTGGTGCC 
<59619 . rlO OLI28289>GAGTCCCTGAGGTTGGAGTCCTAGCATAGC 
<59625.fl0 OLI2 8290 > GTATTCTGCCCTGCGCATCCCAC 
<59625 . rlO OLI28291>GACTCCTCCAGTGGCACTGCAGCTC 
<59827.fl0 0LI2 8 2 9 2 > CACTGCAGCTGCGCACAGTCG 
<59827 .rlO OLI28293> GGTGCTCTGAGAAGAGGTGAGAATGGC 



<5982 8.fl0 OLI28294>CTGCoT)aCCGGACTTCAGC O 

<5982 8,-rlO 0LI28295>GCCAGCCGACCTTTCTGTGGTG 

<5985 3 . f 10 OLI28296>CTCCTTAGCCCGTGTGAGCCTCAC 

<5985 3.rl0 OLI28297>GTGCAATCTCAGCTCACTGCAGCCTC 

<59854.fl0 OLI 28298 >GGAGAGGCCACCGGGACTTCAG 

<5985-4.rl0 OLI28299 >GGGGCCTGCTGAAAGACAGGGTC 

<6028 3.fl0 OLI28300> CTGTTTCTGATGTGGGGTTCCTCCAC 

<60283.rl0 OLI28301> CCATTGGCTTTCAAGGACCTTTCCCAAC 

<60619.fl0 OLI28302> CAGGCCCAGTGGGTGGAATCTGTC 

<606lS.rl0 OLI28303>CATCTCCCGAAGAGAGAAGTCCCAACC 

<6062 5.fl0 OLI28304> CCAGGAACCTGAGCTAGGTCAAA.GACG 

<60625.irl0 OLI28305>GTGAATAGCCCCATCCTCTCTTGACCTC 

<6062 S . f 10 OL 1 2 8 30 6 > TGATCTGTCACCAAAGGAGGCCAACTC 

<6062 9 . rlO OLI2 83 0 7 >CAGGTATCAGTATGAAAAAGGATCTTTGTTCATCAC 

<61755 . f 10 OLI2 8308 >GAATGAGCCTATCAGCAGGGCTCTAGTTTC 

<61755.rl0 OLI28309 >GGAAGCCAGAAGCCAGGAGGAGC 

<64852 . f 10 OLI28310>CAAGCCCTGCAGACAGTCTGTCTCC 

<64852 . rlO 0LI2 8 311 >GGCTGATGCTATCATATTGCTATGGACATTG 

<66308.fl0 0LI28312>CGACATCCAGGCCAAGGACCTG 

<66308 . rlO OLI 2 831 3 >CATCGTTGGGATCTCATGGTTGGG 

<68869.fl0 OLI2 8314 > GCGTACTCCACAGTGCAGAGAGTCGC 

<68869.rl0 OLI28315 >GGCTATCCTAAGTACCTCATGAAGAGGAGGC 
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DECLARATION OF J. CHRISTOPHER GRIMALDL UNDER 37 CFR §1.132 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and state as follows: 



1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above- identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in, the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts, 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 

-1- 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PGR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: 
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Christopher Grimaldi 
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J. Christopher Grimaldi 

1434.36 th Ave. 

San Francisco, CA 94122 

(415) 681-1639 (Home) 

EDUCATION University of California, Berkeley 

Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



SRA Genentech Inc., South San Francisco; 1/99 to present 

Previously, was responsible to direct and manage the Cloning Lab. Currently focused on 
isolating cancer specific genes for the Tumor Antigen (TAP), and Secreted Tumor Protein 
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
Immunology Department. Directed a lab of 6 scientists focused on a company-wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display methodology. 
Interacted extensively with the Legal team providing essential data needed for filing patents on 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
well as dozens of other smaller projects. 



Scientist DNAX Research Institute, Palo Alto; 9/9 1 to 1/99 

Involved in multiple -pfojeets aimed at understanding novel genes discovered through 
bioinformatics studies and functional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical staff . 

Facilities 

Manager Corixa, Redwood City; 5/89 -7/91. 

Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management. Designed 
and implemented the safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties. 
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SRA 



University of California, San Francisco 
Cancer Research Institute; 2/87-4/89. 



Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of t(5;14), t(ll;14), and t(8;14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;l 
translocation in leukemia patients.. -. 



Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsible for generating genomic libraries, screening with degenerate oligonucleotides, and 
characterizing and expressing clones in E. coli. Also constructed a general purpose expression 
vector for use by other scientific teams. 

PUBLICATIONS 

1. Hilary F. Clark, et al. "The Secreted Protein Discovery Initiative (SPDI), a Large-scale 
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics 
assessment." Genome Res. Vol 13(10), 2265-2270, 2003 

2. Sean H. Adams, Clarissa Chui' Sarah L. Schilbach, Xing Xian Yu, Audrey D. Goddard, J. 
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Colman* "BFIT, 
a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning, 
organization of the humanb gene and assessment of a potential link to obesity" Biochemical 
Journal, Vol 360, 135-142, 2001 

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG, Fong SE, Dugger DL, Pham T, 
Yansura D, Wong TA, Grimaldi JC, Corpuz RT, Singh JS, Frantz GD, , Devaux B, Crowley 
CW, SehwalljyLEberhard DA,.Rastelti L, PolakisJP, and Eennica D. "Overexpression of 
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation 
by Wnt-1 and Retinoic Acid." Cancer Research Vol. 61(10), 4197-4205, 2001 

4. Jeanne Kahn, Fuad Mehraban, Gladdys Ingle, Xiaohua Xin, Juliet E. Bryant, Gordon Vehar, 
Jill Schoenfeld, J. Christopher Grimaldi (incorrectly named as "Grimaldi, CJ"), Franklin 
Peale, Aparna Draksharapu, David A. Lewin, and Mary E. Gerritsen. "Gene Expression 
Profiling in an in Vitro Model of Angiogenesis." American Journal of Pathology Vol 156(6) 
1887-1900,2000. 

5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin 
WG, Wu X, Soto H, O'Garra A Howard MC, Coffman RL. "Depletion of eosinophils in 
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 



Research 
Technician 



Berlex Biosciences, South San Francisco; 7/85-2/87. 



6. 



Oliver AM, Grimaldi JC, Howard MC, Kearney JF. "Independently ligating CD38 and Fc 
gammaRUB relays a dominant negative signal to B cells." Hybridoma Vol. 18(2), 1 13-9, 



O O- 



7. Cockayne DA, Muchamuel T, Grimaldi JC, Muller-Steffher H, Randall TD, Lund FE, 
Murray R, Schuber F, Howard MC. "Mice deficient for the ecto-nicotinamide adenine 
dinucleotide glycohydrolase CD38 exhibit altered humoral immune responses." Blood Vol 
92(4),1324-33,1998 

8. Frances E. Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath, I Christopher 
Grimaldi, Troy D. Randall, R. M. E. Parkhouse, Christopher C Goodnow and Maureen C. 
Howard. "Signaling through murine CD38 is impaired in antigen receptor unresponsive B 
cells." European Journal of Immunology, Vol. 25(5), 1338-1345, 1995 

9. M. J. Guimaraes, J. F. Bazan, A, Zolotnik, M. V. Wiles, J. C. Grimaldi, F. Lee, T. 
McClanahan. "A new approach to the study of haematopoietic development in the yolk sac 
and embiyoid body." Development, Vol. 121(10), 3335-3346, 1995 

10. J. Christopher Grimaldi, Sriram Balasi^ramanian, J. Fgrnandq Ba^an, Armen Shanafelt, 
Gerard Zurawski and Maureen Howard. ,! CD38-mediatedproteirfribosylation." Journal of " 
Immunology, Vol. 155(2), 811-817, 1995 

11. Leopoldo Santos- Argumedo, Frances F. Lund, Andrew W. Heath, Nanette Solvason, Wei 
Wei Wu, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen Howard. "CD38 
unresponsiveness of xid B cells implicates Bruton's tyrosine kinase (btk) as a regulator of 
CD38 induced signal transduction." International Immunology, Vol 7(2), 163-170, 1995 

12. Frances Lund, Nanette Solvason, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen 
Howard. "Murine CD38: An immunoregulatory ectoenzyme." Immunology Today, Vol 
16(10), 469-473, 1995 

13. Maureen Howard, J. Christopher Grimaldi, J. Fernando Bazan, Frances E. Lund, Leopoldo 
Santos-Argumedo, R. M. E. Parkhouse, Timothy F. Walseth, and Hon Cheung Lee. 
"Formation and Hydrolysis of Cyclic ADP-Ribose Catalyzed by Lymphocyte Antigen 
CD38." Science, Vol. 262, 1056-1059, 1993 

14. Npbuyu^ija^da, LeopoldQ r $antos- Argumedo, Ray Chang, J. Christopher Grimaldi, Frances 
Lund, Camilynn L Brannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath, R. M. E. 
Parkhouse and Maureen Howard. "Expression Cloning of a cDNA Encoding a Novel Murine 
B Cell Activation Marker: Homology to Human CD38." The Journal of Immunology, Vol 
151,3111-3118,1993 

15. David J. Rawlings, Douglas C. Saffran, Satoshi Tsukada, David A. Largaespada, J. 
Christopher Grimaldi, Lucie Cohen Randolph N. Mohr, J. Fernando Bazan, Maureen 
Howard, Neal G. Copeland, Nancy A. Jenkins, Owen Witte. "Mutation of Unique Region of 
Bruton's Tyrosine Kinase in Immunodeficient XID Mice." Science, Vol. 261, 358-360, 1993 

16. J. Christopher Grimaldi, Raul Torres, Christine A. Kozak, Ray Chang, Edward Clark, 
Maureen Howard, and Debra A. Cockayne. "Genomic Structure and Chromosomal Mapping 
of the Murine CD40 Gene." The Journal of Immunology, Vol 149, 3921-3926, 1992 

17. Timothy C. Meeker, Bruce Shiramizu, Lawrence Kaplan, Brian Herndier, Henry Sanchez, J. 
Christopher Grimaldi, James Baumgartner, Jacab Rachlin, Ellen Feigal, Mark Rosenblum and 
Michael S. McGrath. "Evidence for Molecular Subtypes of HIV- Associated Lymphoma: 



o 



Division into Peripheral Monoclonal, Polyclonal and Central Nervous System Lymphoma." 
AIDS, Vol. 5, 669-674, 1991 

18. Am Grimaldi and Chris Grimaldi. "Small-Scale Lambda DNA Prep." Contribution to 
Current Protocols in Molecular Biology, Supplement 5, Winter 1989 

19. J. Christopher Grimaldi, Timothy C. Meeker. "The t(5;14) Chromosomal Translocation in a 
Case of Acute Lymphocytic Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin 
Heavy Chain Gene." Blood, Vol. 73, 2081-2085, 1989 

20. Timothy C. Meeker, J. Christopher Grimaldi, et al. "An Additional Breakpoint Region in the 
BCL-1 Locus Associated with the t(l 1; 14) (ql3;q32) Translocation of B-Lymphocytic 
Malignancy." Blood, Vol. 74, 1801-1806, 1989 

21 Timothy C. Meeker, J. Christopher Grimaldi, Robert OTtourke, et al. "Lack of Detectable 
Somatic Hypermutation in the V^Region of the Ig H Chain, Gene of a Human Chronic B 
Lymphocytic Leukemia." The Journal of Immunology, Vol. 141, 3994-3998, 1988 

MANUSCRIPTS IN PREPARATION 

1. Sriram Balasubramanian, J. Christopher Grimaldi, J. Fernando Bazan, Gerard Zurawski and 
Maureen Howard. "Structural and functional characterization of CD38: Identification of 
active site residues" 



PATENTS 

1. "Methods for Eosinophil Depletion with Antibody to CCR3 Receptor" (US 6,207,155 Bl). 

2. "Amplification Based Cloning Method." (US 6,607,899) 

3. Ashkenazi et al., "Secreted and Transmembrane Polypeptides and Nucleic Acids Encoding 
the Same..",(this,patent coders several hundred genes) ^ 

4. "IL-17 Homologous Polypeptides and Therapeutic Uses Thereof ' 

5. "Method of Diagnosing and Treating Cartilaginous Disorders." 
MEMBERSHIPS AND ACTIVITIES 

Editor Frontiers in Bioscience 

Member DNAX Safety Committee 1991-1999 

Biological Safety Affairs Forum (BSAF) 1990-1991 
Environmental Law Foundation (ELF) 1990-1991 
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DECLARATION OF PAUL POLARIS, Ph.D. 
I, Paul Polakis, Ph,D., declare and say as follows: ■ ) ■ 

1 . I was awarded a Ph.D by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. S ince joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins, that are abundantly expressed 
on certain tumor cells and mat are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment Of human cancer. 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date, we 
have generated antibodies that bind to about 30 of the tumor antigen/ proteins ' 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge mat willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1 00 1 of Title 1 8 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 



Dated: 5/^/^/ By: ^ 

Paul Polakis, Ph.D. 
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CURRICULUM VITAE 



PAUL G. POLAKIS 

Staff Scientist 

Genenteeh, Inc 

1 DNA Way, MS#40 

S. San Francisco, CA 94080 



EDUCATION: 



Ph.D., Biochemistry, Department of Biochemistry, 
Michigan State University (1984) 

B.S., Biology. College of Natural Science, Michigan State University (1977) 



PROFESSIONAL EXPERIENCE: 
2002-present 



Staff Scientist, Genenteeh, Inc 
S. San Francisco, CA 



1999- 2002 



Senior Scientist, Genenteeh, Inc., 
S. San Francisco, CA 



1997 -1999 



i ■ 

1992-1996 



Research Director 
Onyx Pharmaceuticals, Richmond, CA 



Senior Scientist, Project Leader, Onyx 
Pharmaceuticals, Richmond, CA 



1991-1992 

1989-1991 
1987-1989 

1985-1987 



Senior Scientist, Chiron Corporation, 
Emeryville, CA. 

Scientist, Cetus Corporation, Emeryville CA, 

Postdoctoral Research Associate, Genenteeh, 
Inc., South SanFrancisco, CA. 

Postdoctoral Research Associate, Department 
of Medicine, Duke University Medical Center, 
Durham, NC 



1984-1985 Assistant Professor, Department of Chemistry, 

Oberlin College, Oberlin, Ohio 

1980-1984 Graduate Research Assistant, Department of 

Biochemistry, Michigan State University 
East Lansing, Michigan 



PUBLICATIONS: 

1. Polakis, P G. and Wilson, J. E. 1982 Purification of a Highly Bindable Rat Brain 
Hexokinase by High Performance Liquid Chromatography. Biochem. Biophys. 
Res. Commun. 107, 937-943. 

2. Polakis, P.G. and Wilson, J. E. 1984 Proteolytic Dissection of Rat Brain 
Hexokinase: Determination of the Cleavage Pattern during Limited Digestion with 
Trypsin. Arch. Biochem. Biophys. 234, 341-352. 

3. Polakis, P. G. and Wilson, J. E. 1985 An Intact Hydrophobic N^Termirial 
Sequence is Required for the Binding Rat Brain Hexokinase to Mitochondria. Arch. 
Biochem. Biophys. 236, 328-337. 

4. Uhing, R.J., Polakis,P.G. and Snyderman, R. 1987 Isolaton of GTP-binding 
Proteins from Myeloid HL60 Cells. J. Biol. Chem. 262, 1 5575-1 5579. 

5. Polakis, P.G., Uhing, R.J. and Snyderman, R. 1988 The Formylpeptide 
Chemoattractant Receptor Copurifies with a GTP-binding Protein Containing a 
Distinct 40 kDa Pertussis Toxin Substrate. J. Biol. Chem; 263, 4969-4979. 

6. Uhing, R. J., Dillon, S., Polakis, P. G., Truett, A. P. and Snyderman, R. 1988 
Chemoattractant Receptors and Signal Transduction Processes in Cellular and 
Molecular Aspects of Inflammation ( Poste, G. and Crooke, S. T, eds.) pp 335-379. 

7. Polakis, P.G., Evans, T. and Snyderman 1989 Multiple Chromatographic Forms 
of the Formylpeptide Chemoattractant Receptor and their Relationship to GTP- 
binding Proteins. Biochem. Biophys. Res. Commun. 161 , 276-283. 

8. Polakis, P. G., Snyderman, R. and Evans, T. 1989 Characterization of G25K, a 
GTP-binding Protein Containing a Novel Putative Nucleotide Binding Domain. 
Biochem. Biophys. Res. Comun. 160, 25-32. 

9. Polakis, P., Weber.R.F., Nevins.B., Didsbury, J. Evans.T. and Snyderman, R. 
1 989 Identification of the ral and racl Gene Products, Low Molecular Mass GTP- 
binding Proteins from Human Platelets. J. Biol. Chem. 264, 16383-16389, 

10. Snyderman, R., Perianin, A., Evans, T., Polakis, P. and Didsbury, J. 1989 G 
Proteins and Neutrophil Function. In AQP-Ribosylating Toxins and G Proteins: 
Insights into Signal Transduction. ( J. Moss and M. Vaughn, eds.) Amer. Soc. 
Microbiol, pp. 295-323. 



11. Hart, M.J., Polakis, P.G., Evans, T. and Cerrione, R. A. 1990 The Identification 
and Charaterization of an Epidermal Growth Factor-istimulated Phosphorylation of a 
Specific Low Molecular Mass GTP-binding Protein in a Reconstituted Phospholipid 
Vesicle System. J. Biol. Chem. 265, 5990-6001. 

12. Yatani, A., Okabe, K., Potakis, P. Halenbeck, R. McCormick, F. and Brown;, A. 
M. 1990 ras p2i and GAP Inhibit Coupling of Muscarinic Receptors to Atrial K + 
Channels. Cell. 61, 769-776. 

• i' 

13. Munemitsu, S., jnnis, M.A., Clark, R., McCormick, F., Ullrich, A. and Polakis, 
P.G. 1990 Molecular Cloning and Expression of a G25K cDNA, the Human Homolog 
of the Yeast Cell Cycle Gene CDC42. Mdl. Cell. Biol. 1 0, 5977-5982. 

14. Polakis, P.G. Rubinfeld, B. Evans, T. and McCormick, F. 1991 Purification of 
Plasma Membrane-Associated GTPase Activating Protein (GAP) Specific for rap- 
1/krev-1 from HL60 Cells. Proc. Natl. Acad. Scl. USA 88, 239-243. 

15. Moran, M. F., Polakis, P., McCormick, F., Pawson, T. and Ellis, C, 1991 Protein 
Tyrosine Kinases Regulate the Phosphorylation, Protein Interactions, Subcellular 
Distribution, and Activity of p21 ras GTPase Activating Protein. Moi. Cell. Biol. 11, 
1804-1812 | 

16. Rubinfeld, B., Wong, G., Bekesi, E. Wood, A. McCormick, F. and Polakis, P. G. 

1991 A Synthetic Peptide Corresponding to a Sequence in the GTPase Activating 
Protein Inhibits p21 ras stimulafibh and Promotes Guanine Nucleotide Exchange. 

Internatl. J. Peptide and Prot. Res. 38, 47-53. 

\- • ' - ' . . • . • . 

17. Rubinfeld, B., Munemitsu, S., Clark, R., Conroy, L, Watt, K„ Crosier, W., 
McCormick, F., and Polakis, P. 1991 Molecular Cloning of a GTPase Activating 
Protein Specific for the Krev-1 Protein p21 rapl . Cell 65, 1 033-1 042. 

18. Zhang, K. Papageorge, A. r G., Martin, P., Vass, W. C, Olah, Z., Polakis, P., 
McCormick, F. and Lowy, D, R. 1991 Heterogenous Amino Acids in RAS and 
Rap1 A Specifying Sensitivity to GAP Proteins. Science £54, 1630-1634. 

19. Martin, G., Yatani, A., Clark, R., Polakis, P., Brown, A. M. and McCormick, F. 

1992 GAP Domains Responsible for p21 ras -dependent Inhibition of Muscarinic Atrial 
K + Channel Currents. Science 255, 192-194. 

20. McCormick, F., Martin, G. A., Clark, R., Bollag, G. and Polakis, P . 1992 
Regulation of p21ras by GTPase Activating Proteins. Cold Spring Harbor Symposia 
on Quantitative Biology. Vol. 56, 237-241. 

21. Pronk, G. B., Polakis, P., Wong, G., deVries-Smits, A. M ? , Bos J. L. and 
McCormick, F. 1992 p60 v ' src Can Associate with and Phosphorylate the p21 ras 
GTPase Activating Protein. Oncogene 7,389-394. 

22. Polakis P. and McCormick, F. 1992 Interactions Between p21 ras Proteins and 
Their GTPase Activating Proteins. In Cancer Surveys ( Franks, L. M.; ed.) 12, 25- 
42. 



23. Wong, G., Muller, O., Clark, R., Conroy, L., Mbran, M., Polakis.P. and 
Mcpormick, F. 1992 Molecular colorting and nucleic acid binding properties of the 
GAP-associated tyrosine phosphoprotein p62. Cell 69, 551-558. 

24. Polakis, P., Rubinfeld, B. and McCormick, F. 1992 Phosphorylation of raplGAP 
in vivo and by cAMP-dependent Kinase and the Cell Cycle pM^ 2 Kinase in vitro. 
J. Biol. Chem. 267, 10780-10785. 

25. McCabe, P.CHaubrauck, H., Polakis, P., McCormick, F., and Innis, M. A. 
1992 Functional Interactions Between p21 ra P 1A and Components of the Budding 
pathway of Saccharomyces cerdvisiae. Mol. Cell. Biol. 12, 4084-4092. 

26. Rubinfeld, B., Crosier, W.J., Albert, I., Conroy.L., Clark, R., McCormick, F. and 
Polakis, P. 1992 Localization of the rapl GAP Catalytic Domain and Sites of 
Phosphorylation by Mutational Analysis. Mol. Cell . Biol. 12, 4634-4642. 

27. Ando, S., Kaibuchi, K., Sasaki, K. r Hiraoka, t., Nishiyama, T., Mizuno, T., 
Asada, M., Nunoi, H., Matsuda, I., Matsuura, Y„ Polakis, P., McCormick, F. and 
Takai, Y. 1 992 Post-translational processing of rac p21 s is important both for their 
interaction with the GDP/GTP exchange proteins and for their activation of NADPH 
oxidase. J. Biol. Chem. 267, 25709-25713. 

28. Janoueix-Lerosey, I., Polakis, P., Tavitian, A. and deGunzberg, J. 1992 
Regulation of the GTPase activity of the ras-related rap2 protein. Biochem. 
Biophys. Res. Commun. 189, 455-464. 

29. Polakis, P. 1993 GAPs Specific for the rap1/Krev-1 Protein, irt GTP-bindina 
Proteins: the ras-superfamilv. ( J.C. LaCale and F. McCormick, eds.) 445-452. 

30. Polakis, P. and McCormick, F. i993 Structural requirements for the interaction 
of p21 ras with GAP, exchange factors, and its bological effector target. J. Biol 
Chem. 268, 9157-9160. 

31. Rubinfeld, B., Souza, B. Albert, I., Muller, O., Chamberlajn, ,S„ Masiarz, F., 
Munemitsu, S. and Polakis, P. 1993 Association of the APC gene product with 
beta- catenin. Science 262, 1731-1734. 

32. Weiss, J., Rubinfeld, B , Polakis, P., McCormick, F. Cavenee, W. A. and Arden, 
K. 1993 The gene for human rapl -GTPase activating protein (raplGAP) maps to 
chromosome 1p35-1p36.1. Cytogenet. Cell Genet. 66, 18-21. 

33. Sato, K. Y., Polakis, P., Haubruck, H., Fasching, C. L, McCormick, F. and 
Stanbridge, E. J. 1 994 Analysis of the tumor suppressor acitvity of the K-rev gene in 
human tumor cell lines. Cancer Res. 54, 552-559. 

34. Janoueix-Lerosey, I., Fontenay, M., Tobelem, G., Tavitian, A., Polakis, P. and 
DeGunzburg, J. 1994 Phosphorylation of raplGAP during the cell cycle. Biochem. 
Biophys. Res. Commun. 202, 967-975 

35. Munemitsu, S., Souza, B., Mueller, O., Albert, I., Rubinfeld, B., and Polakis, P. 
1994 The APC gene product associates With microtubules in vivo and affects their 
assembly in vitro. Cancer Res. 54, 3676-3681. 



36. Rubinfeld, B. and Polakis, P. 1995 Purification of baculovirus produced 
rapl GAP. Methods Enz. 255,31 ' 

37. Polakis, P. 1 995 Mutations in the APC gene and their implications for protein 
structure and function. Current Opinions In Genetics and Development 5, £6-71 

38. Rubinfeld, B., Souza, B., Albert, L, Munemitsu, S. and Polakis P. H 995 The 
APC protein and E-cadherin form similar but independent complexes With a-catenin, 
p-catenin and Plakpglobin. J. Biol. Chem. 270,5549-5555 

39. Munemitsu, S„ Albert, I., Souza, B-, Rubinfeld, B., and Polakis, P. 1995 
Regulation of intracellular p-catenin levels by the APC tumor suppressor gene. 
Proc. Natl. Acad. Sci. 92, 3046-3050. 

40. Lock, P., Fumagalli, S., Polakis, P. McCormick, F. and Courtneidge, S. A, 1996 
The human p62 cDNA encodes Sam68 and not the rasGAP-associated p62 protein. 
Cell 84, 23-24. 

41. Papkoff, J., Rubinfeld, B., Schryver, B. and Polakis, P. 1996 Wnt-1 regulates 
free pools of catenins and stabilizes APC-catenin complexes. Mol. Cell. Biol. 16, 
2128-2134. 

42. Rubinfeld, B. ( Albert, I., Porfiri, E., Fiol, C, Munemitsu, S. and Polakis, P. 1996 
Binding of GSK3P to the APC-p-catenin complex and regulation of complex 
assembly; Science 272, 1023-1026. 

43. Munemitsu, S., Albert, i., Rubinfeld, B. and Polakis, P 1996 Deletion of amino- 
terminal structure stabilizes p-catenin in vivo and promotes the 
hyperphosphorylation of the APC tumor suppressor protein. Mbl. Cell. Biol. 16, 
4088-4094. 

44. Hart, M. J., Callow, M. G., Sousa, B. and Polakis P. 1996 IQGAP1 , a 
calmodulin binding protein-witha rasGAP related domain, is a potential effector for 
cdc42Hs. EMBO J. 15, 2997-3005. 

45. Nathke, I. S., Adams, C. L, Polakis, P., Sellin, J. and Nelson, W. J, 1996 The 
adenomatous polyposis coli (APC) tumor suppressor protein is localized to plasma 
membrane sites involved in active epithelial cell migration. J. Cell. Biol. 134, 165- 
180. 

46. Hart, M. J., Sharma, S., elMasry, N., Qui, R^G., McCabe, P., Polakis, P. and 
Boilag, G. 1996 Identification of a novel guanine nucleotide exchange factor for the 
rho GTPase. J. Biol, Chem. 271 , 25452. 

47. Thomas JE, Smith M, Rubinfeld B, Gutowski M, Beckmann RP, and Polakis P. 
1 996 Subcellular localization and analysis of apparent 1 80-kDa an^l 220-kDa 
proteins of the breast cancer susceptibility gene, BRCA1. J. Biol. Chem. 1996 
271,28630-28635 

48. Hayashi, S., Rubinfeld, B., Souza, B., Polakis, P., Wieschaus, E., and Levine, 
A. 1997 A Drosophila homolog of the tumor suppressor adenomatous polyposis coli 



down-regulates p-catenin but its zygotic expression is not essential for the 
regulation of armadillo. Proc. Natl. Acad. Scl. 94, 242-247. 

» • . 

49. Vleminckx, K., Rubinfeld, B„ Polakis, P. and Gumbiner, B. 1 997 The APQ 
tumor suppressor protein induces a new axis in Xenopus embryos. J. Cell. Biol. 
136,411-420. 

50. Rubinfeld, B., Robbins, P., El-Gamil, M., Albert, I., Porfiri, P. and Polakis, P. 
1997 Stabilization of p-catenin by genetic defects in melanoma cell lines. Science 
275,1790-1792. 

51. Polakis, P.\ The adenomatous polyposis coli (APC) tumor suppressor. 1997 
Biochem. Biophys. Acta, 1332, F127-F147. 

52. Rubinfeld, B., Albert, l„ Porfiri, E., Munemitsu. S., and Polakis, P 1997 Loss of 
p-catenin regulation by the APC tumor suppressor protein correlates with loss of 
structure due to common somatic mutations of the gene. Cancer Res. 57* 4624- 
4630. 

53. Porfiri, E., Rubinfeld, B., Albert, I., Hovanes. K., Waterman, M., and Polakis, P. 
1 997 Induction of a p-catenin-LEF-1 complex by wnt-1 and transforming mutants of 
p-catenin. Oncogene 15, 2833-2839. 

54. Thomas JE, Smith M, Tonkinson JL, Rubinfeld B, and Polakis P., 1997 
Induction of phosphorylation on BRCA1 during the cell cycle and after DNA damage. 
Cell Growth Differ. 8,801-809. 

55. Hart, M., de los Santos, R., Albert, I., Rubinfeld, B., and Polakis P., 1998 Down 
regulation of p-catenin by human Axin and its association with the adenomatous 
polyposis coli (APC) tumor suppressor, p-catenin and glycogen synthase kinase 3p. 
Current Biology 8, 573-581. 

56. Polakis, P. 1998 The oncogenic activation of p-catenin. Current Opinions in 
Genetics and Development^ 15-21 V 

57. Matt Hart, Jean-Paul Concordet, Irina Lassot, Iris Albert, Rico del los Santos, 
Herve Durand, Christine Perret, Bonnee Rubinfled, Florence Margottin, Richard 
Benarous and Paul Polakis. 1999 The F-box protein p-TrCP associates With 
phosphorylated p-catenin and regulates its activity in the cell. Current Biology 9, 
207-10. 

58. Howard C. Crawford, Barbara M. Fingleton, Bonnee Rubinfeld, Paul Polakis 
and Lynn M. Matrisian 1999 The metalloproteinase matrilysin is a target of 
p-catenin transactivation in intestinal tumours. Oncogene 18, 2883-91. 

59. Meng J, Glick JL, Polakis P, Casey PJ. 1999 Functional interaction between 
Galpha(z) and RaplGAP suggests a novel form of cellular cross-talk. J Biol Chem. 
17, 36663-9 



60. Vijayasurian Easwaran, Virginia Song, Paul Polakis and Steve Byers 1999 The 
ubiquitin-proteosome pathway and serine kinase activity modulate APC mediated 
regulation of p-catenin-LEF signaling. J. Biol. Chem. 274(23): 1 6641 -5. 

61 Polakis P, Hart M and Rubinfeld B. 1999 Defects in the regulation of beta- 
catenin '../.'. t • 

in colorectal cancer. Adv Exp Med Biol. 470, 23-32 

62 Shen Z, Batzer A, Koehier JA, Polakis P, Schlessinger J, Lydon NB, Moran MF. 
1999 Evidence for SH3 domain directed binding and phosphorylation of Sam68 by 
Src. Oncogene. 18, 4647-53 

64. Thomas GM, Frame S, Goedert M, Nathke I, Polakis P, Cohen P. 1999 A 
GSK3- binding peptide from FRAT1 selectively inhibits the GSK3-catalysed 
phosphorylation of axin and beta-catenin. FEBS Lett. 458, 247-5.1. 

65. Peifer M, Polakis P. 2000 Wnt signaling in oncogenesis and embryogenesis-a 
look outside the nucleus. Science 287,1606-9, 

66. Polakis P. 2000 Wnt signaling and cancer Genes De|v;14, 1837-1851. 

67. Spink KE, Polakis P, Weis Wl 2000 Structural basis of the Axin-adenomatous 
polyposis coli interaction. EMBO J 19,2270-2279. 

68. Szeto , W., Jiang, W., Tice, D.A., Rubinfeld, B., Hollingshead, P.G., Fong, S.E., 
Dugger, D.L., Pham, T , Yansura, D.E., Wong, T.A., Grimaldi, J.C., Corpuz, R.T., 
Singh J.S., Frantz, G.D., Devaux, B., Crowley, C.W., Schwall, R.H., Eberhard, 

D.A., 

Rastelli, L, Polakis, P. and Pennica, D. 2001 Overexpression of the Retinoic 

Acid- 
Responsive Gene Stra6 in Human Cancers and its Synergistic Induction by Wnt-1 

and 

Retinoic Acjd. Cancer Res 61 ^4^97^1204. ."•>■.' 

69. Rubinfeld B, Tice DA, Polakis P. 2001 Axin dependent phosphorylation of the 
adenomatous polyposis coli protein mediated by casein kinase 1 epsilon. J Biol 

Chem 

276,39037-39045. 

70. Polakis P. 2001 More than one way to skin a catenin. Cell 2001 1 05, 563-566. 



71. Tice DA, Soloviev I, Polakis P. 2002 Activation of the Wnt Pathway Interferes 
withSerum Response Element-driven Transcription of immediate Early Genes. J 
Biol. 

Chem. 277, 61 18-61 23. 



72. Tice DA, Szeto W, Soloviev I, Rubinfeld B, Fong SE, Dugger DL, Winer J, 



Williams PM, Wieand D, Smith V, Schwall RH, Pennnica D, Polakis P. 2002 
Synergistic activation of tumor antigens by wnt-1 signaling and retinoic acid revealed 
by gene expression profiling. J Biol Chem. 277,14329-14335. 

73. Polakis, P. 2002 Casein kinase I: A wnt'er of disconnect. Curr. Biol. 1 2, R499. 

74. Mao.W. , Luis, E., Ross, S„ Silva^ J., Tan, C, Crowley, C, Chui, C, Franz, G., 
Senter, P., Koeppen, H., Polakis, P. 2004 EphB2 as a therapeutic antibody drug 
target for the treatment of colorectal cancer. Cancer Res. 64, 781-788. 

75. Shibamoto, S., Winer, J., Williams, M., Polakis, P. 2003 A Blockade in Wnt 
signaling is activated following the differentiation of F9 teratocarcinoma cells. Exp. 
Cell Res. 29211-20, 

76. Zhang Y, Eberhard DA, Frantz GD, Dowd P, Wu TD, Zhou Y, Watanabe C, LCioh SM, Polakis P, 
Hillan KJ, Wood Wl, Zhang Z. 2004 GEPIS-quantitative gene expression profiling in normal and 
cancer tissues. Bioinformatics, April 8 



* 



Rese&nch 



Genome-wide Study of Gene Copy Numbers, 
Transcripts, and Protein Levels in Pairs of 
Non-invasive and invasive Human Transitional 
Cell Carcinomas* 



Torben F. 0rntoftj:§, Thomas ThykjaerU, Frederic M. Waldman||, Hans Wolf**, 
and Julio E. Celis+t 



Gain and loss of chromosomal material is characteristic 
of bladder cancer, as well as malignant transformation In 
general The consequences of these changes at both the 
transcription and translation levels is at present unknown 
partly because of technical limitations. Here we have at- 
tempted to address this question in pairs of noninvasive 
and Invasive human bladder tumors using a combination 
Of technology that Included comparative genomic hybrid- 
ization, high density oligonucleotide array-based monitor- 
ing of transcript levels (5600 genes), and high resolution 



two-dimensional gel electrophoresis/the results showed / ^ ,,iflcatlon ( 4 U anc * a low level of c-myc copy number 



that there is a gene dosage effect that in some cases 
superimposes on other regulatory mechanisms. This ef- 
fect depended fp < 0.015) on the magnitude of the com- 
parative genomic hybridization change, in general (18 of 
23 cases), chromosomal areas with more than 2-fold gain 
qf DNA showed a corresponding increase in mRNA tran- 
scripts. Areas with loss of DNA, on the other hand, 
showed either reduced or unaltered transcript levels) Be- 
cause most proteins resolved by two-dimensional gels 
are unknown it was only possible to compare mRNA and 
protein alterations in relatively few cases of well focused 
abundant proteins. Wfith few exceptions we found a good 
correlation (p < 0.005) between transcript alterations and 
protein levels. The Implications, as well as limitations, 
of the approach are discussed. Molecular & Cellular 
Proteomlcs 1:37-45, 2002. 

4- , " • 

, Aneuploidy Is a common feature of most human cancers 
(1), but little is known about the genome-wide effect of this 
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phenomenon at both the transcription and translation levels. 
High throughput array studies of the breast cancer cell line 
BT474 has suggested that there Is a correlation between 
DNA copy numbers and gene expression in highly amplified 
areas (2), and studies of individual genes in solid tumors 
have revealed a good correlation between gene dose and 
mRNA or protein levels In the case of c-erb-B2, cyc7/n d1 , 
ems1 f and N-myc (3-5). However, a high cyclin D1 protein 
expression has been observed without simultaneous am- 

in- 
crease was observed without concomitant c-myc protein 
overexpresslon (6). 

In human bladder tumors, karyotyping, fluorescent in situ 
hybridization, and comparative genomic hybridization (CGH) 1 
have revealed chromosomal aberrations that seem to be 
characteristic of certain stages of disease progression, in the 
case of non-Invasive pTa transitional cell carcinomas fTCCs), 
this includes loss of chromosome 9 or parts of it, as welt as 
loss of Y in males. In minimally Invasive pT1 TCCs, the fol- 
lowing alterations have been reported: 2q- ( 11p- t 1q+, 
11q13+, 17q+, and 20q+ (7-12). It has been suggested that 
these regions harbor tumor suppressor genes and onco- 
genes; however, the large chromosomal areas Involved often 
contain many genes, making meaningful predictions of the 
functional consequences of losses and gains very difficult. 

In this investigation we^have combined gehome-wide tech- 
nology for detecting genomic gains and losses (CGH) with 
gene expression profiling techniques (microarrays and pro- 
teomlcs) to determine the effect of gene copy number on 
transcript and protein levels in pairs of non-Invasive and In- 
vasive human bladder TCCs, 

EXPERIMENTAL PROCEDURES 

Material— Bladder tumor biopsies, were sampled after Informed 
consent was obtained and after removal of tissue for routine pathol- 
ogy examination. By light microscopy tumors 335 and 532 were 
staged by an experienced pathologist as pTa {superficial papillary), 

1 The abbreviations used are: CGH, comparative genomic hybrid- 
ization; TCC, transitional cell carcinoma; IOH, loss of heterozygosity; 
PA-FABP, psoriasis-associated fatty acid-binding protein; 2D f 
two-dimensional. 
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Fig. 1. DNAcopy number and mRNA expression level. Shown from left to right am chromosome (Cnr.), GGH profiles, gene location and 
expression level of specific genes, and overall expression level along the chromosome. A, expression of mRNA In Invasive tumor 733 as 
compared with the non-invasive counterpart tumor 335. 0, expression of mRNA In invasive tumor 827 compared with the non-invasive 
counterpart tumor 532. The average fluorescent signal ratio between tumor DNA and normal DNA is shown along the length of the chromosome 
(fefl): The bold curve in the ratio profile represents a mean of four chromosomes and is surrounded by thin curves indicating one standard 
deviation. The centra? vertical fine fcrvken) indicates a ratio value of 1 (no change), and the vertical lines next to It (dotted) indicate a ratio of 
0.5 (fefi) and 2.0 (r/g/jf). In chromosomes where the non-invasive tumor 335 used for comparison showed alterations in DNA content, the ratio 
profile of that chromosome is shown to the right of the invasive tumor profile. The colored bars represents one gene each. Identified by the 
running numbers above the bars (the name of the gene can be seen at www.MDLDKysdata.html). The bars Indicate the purported location of 
the gene, and the colors indicate the expression level of the gene hi the invasive tumor compared with the noninvasive counterpart; >2-fold 
Increase plackj, >2-fold decrease (b/ue), no significant change (orange). The bar to the far right, entitled Expression shows the resulting change 
in expression along the chromosome; the colors indicate that at least half of the genes were up-regulated flWac*), at least half of the genes 
dowrvreguialed (Mw), or more than half of the genes are unchanged (orange). If a gene was absent in one of the samples and presehTTn" 
another, it was regarded as more than a 2-fold change. A 2-fold level was chosen as this corresponded to one standard deviation In a double 
determination of -1800 genes. Centromeres and heterochrornatic regions were excluded from data analysis. 



grade I and II, respectively, tumors 733 and 827 were staged as pTI 
(invasive Into submucosa), 733 was staged as solid, and 827 was 
staged as papillary, both grade III. 

mRNA Preparation -T\$$ue biopsies, obtained fresh from surgery, 
were embedded immediately In a sodium-guanldinlum thiocyanate 
solution and stored at -80 °<X Total RNA was isolated using the 
RNAzol S RNA isolation method (WAK-Chemie Medical GMBH). 
poly(A) + RNA was isolated by an ofigo(dT) selection step (Ollgotex 
mRNA kit; Qiagen). 

cRNA Preparation^ p,g of mRNA was used as starting material. 
The first and second strand cDNA synthesis was performed using the 
Superscript® choice system (Invftrogen) according to the manufac- 
turer's instructions but using an oligo(dT) primer containing a T7 RNA 
polymerase binding site. Labeled cRNA was prepared using the ME- 
GAscrip® in vitro transcription kft (Ambton). BiotMabeled CTP and 



UTP (Enzo) was used, together with unlabeled NTPs in the reaction. 
Following the in vitro transcription reaction, the unincorporated nu- 
cleotides were removed using RNeasy columns (Qiagen). 

Array Hybridization and Scanning— Array hybridization and scan* 
ning was modified from a previous method (13). 10 /*g of cRNA was 
fragmented at 94 °C for 35 min in buffer containing 40 mi* Tris 
acetate, pH 8.1, 100 mM KOAc, 30 idm MgOAc. Prior to hybridization, 
the fragmented cRNA In a 6x SSPE-T hybridization buffer (1 M NaCI, 
10 mM Trfs, pH 7.6, 0.005% Triton), was heated to 95 °C for 5 min, 
subsequently cooled to 40 °C, and loaded onto the Affymetrix probe 
array cartridge. The probe array was then incubated for 16 h at 40 °C 
at constant rotation (60 rpm). The. probe array was exposed to 10 
washes In 6x SSPE-T at 25 °C followed by 4 washes in 0.5X SSPE-T 
at 50 °C. The bfotinylated cRNA was, stained with a streptavldin- 
phycoerythrin conjugate, 10 jtg/ml (Molecular Probes) in 6x SSPE-T 
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Fig. 1— continued 



for 30 min at 25 °C followed by 10 washes in 6x SSPE-T at 25 S C. The 
probe arrays were scanned at 560 nm using a confocal laser scanning 
microscope (made for Affymetrix by Hewlett-Packard). The readings 
from the quantitative scanning were analyzed by Affymetrix gene 
expression analysis software. 

Microsateinte Ana/ysfc -MicrosateOite Analysis was performed as 
described previously (14). Microsatettites were selected by use of 
wwwjwbHilm:nih.gov/genemap98, and primer sequences were ob- 
tained from the genome data base at www,gcflxorg. DMA was extracted 
from tumor and Wood and amplifledby PCRInavokimeof 20|ilfor35 
cycles. The ampflcons were denatured and etectrophoresed for 3 h In an 
ABI Prism 377. Data were collected In the Gene Scan program for 
fragment analysis. Loss of heterozygosity was defined as less than 33% 
of one allele detected in tumor amplicons compared with blood. 

Proteomic Analysis— TCCs were minced Into small pieces and 
homogenized in a small glass homogenizer in 0.5 ml of lysis solution. 
Samples were stored at -20 °C untB use. The procedure for 2D gel 
electrophoresis has been described in detail elsewhere (15, 16). Gels 
were stained with silver nitrate and/or Coornassie Brilliant Blue, Pro- 
teins were Identified by a combination of procedures that Included 
microsequenclng, mass spectrometry, two^imensfonaJ gel Western 
immunobiotting, and comparison with the master two-dimensional gel 
image of human keratlnocyte proteins; see biobasexik/cgi-bln/cells, 

CGH— Hybridization of differentially labeled tumor and normal DNA 
to normal metaphase chromosomes was performed as described 
previously (1fJ). Ruorescein-labeled tumor DNA (200 ng), Texas Red- 



labeled reference DNA (200 ng). and human Cot-1 DNA (20 fig) were 
denatured at 37 °C for 5 min and applied to denatured normal met- 
aphase slides. Hybridization was at 37 °C for 2 days. After washing, 
the slides were counterstained with 0.15 ^g/ml 4,6-diamidino-2-phe- 
nyiindole In an anti-fade solution. A second hybridization was per- 
formed for all tumor samples using fluorescein- labeled reference DNA 
and Texas Red-labeled tumor DNA (inverse labeling) to confirm the 
aberrations detected during the initial hybridization. Each CGH ex- ' 
periment also included a normal control hybridization using fluores- 
cein- and Texas Red-labeled normal DNA. Digital image analysis was 
used to identify chromosomal regions with abnormal fluorescence 
ratios, indicating; regions of DNA gains and losses. The average 
greenrred fluorescence intensity ratio profiles were calculated using 
four Images of each chromosome (eight chromosomes total) with 
normalization of the green: red fluorescence intensity ratio for the 
entire metaphase and background correction Chromosome identifi- 
cation was performed based on 4,6-diamldino-2-phenynndole band- 
ing patterns. Only images showing uniform high intensity fluores- 
cence with minimal background staining were analyzed. All 
centromeres, p arms of acrocentric chromosomes, and heterochro- 
matlc regions were excluded from the analysis. 

RESULTS 

Comparative Genomic Hybridization- The CGH analysis 
identified a number, of chromosomal gains and losses In the 
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Table I 

Correlation between alterations detected by CGH and by expression monitoring 

Top, CGH used as Independent variable (if CGH alteration - what expression ratio was found); bottom, altered expression used as 
Independent variable (if expression alteration - what CGH deviation was found). 



CGH alterations 



Tumor 733 vs. 335 
Expression change clusters 



Concordance 



CGH alterations 



Tumor 827 vs. 532 
Expression change clusters 



Concordance 



13 Gain 
10 Loss 



10 Up-reguiation 

0 Down-regulation 

3 No change 

1 Up-regulation 

5 Powrwegulation 

4 No change 



77% 
50% 



10 Gain 



12 Loss 



8 Up-regulatlon 
0 Oowrwiegulatron 

2 No change 

3 Up-regulation 

2 Down regulation 
7 No change 



Expression change clusters 



Tumor 733 vs. 335 
CGH alterations 



Concordance Expression change clusters 



Tumor 827 vs. 532 
CGH alterations 



80% 
17% 

Concordance 



16 Up-regulation 
21 Down-regulation 
15 No change 



11 Gain 

2 Loss 

3 No change 
1 Gain 

8 Loss 

12 No change 
3 Gain ' 

3 Loss 

9 No change 



69% 
38% 
60% 



17 Up-regulation 
9 Down^-reguiatlon 
21 No change 



10 Gain 

5 Loss 

2 No change 
0 Gain 

3 Loss 

6 No change 
1Gain 

3 Loss 

17 No change 



59% 
33% 
81% 



two Invasive tumors (stage pT1 , TCCs 733 and 827), whereas 
the two non-invasive papillomas (stage pTa, TCCs 335 and 
532) showed only 9p-, 9q22-q33- f and and 7+, 9q-, 
and Y— , respectively. Both invasive tumors showed changes 
(1q22-24+, 2q14.1-qter-, 3q12-q13.3-, 6q12-q22-, 
9q34+, 11q12-q13+, 17+ f and 20q11.2-q12+) that are typ- 
ical for their disease stage, as weli as additional alterations, 
some of which are shown in Fig. 1. Areas with gains and 
losses deviated from the normal copy humber to some extent, 
and theaverage numerical deviation from normal was 0.4-fold 
in the case of TCC 733 and 0.3-fold for TCC 827. The largest 
changes, amounting to at least a doubling of chromosomal 
content were observed at 1q23 In TCC 733 (Fig, 1A) and 
20q12inTCC827(Flg. 1B). 

mRNA Expression in Relation to DNA Copy Number— The 
mRNArJevels from the two invasiyeJtymorsJTCCs 827 and 
733) were compared with the two non-Invasive counterparts 
(TCCs 532 and 335). This was done in two separate experi- 
ments In which we compared TCCs 733 to 335 and 827 to 
532, respectively, using two different scaling settings for the 
arrays to rule out scaling as a confounding parameter. Ap- 
proximately 1,800 genes that yielded a signal on the arrays 
were searched in the Unigene and Genemap data bases for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus. In 
that way it was possible to construct a graphic presentation of 
DNA copy number and relative mFiNA levels along the indi- 
vidual chromosomes (Fig. 1). 

For each mRNA a ratio was calculated between the level in 
the invasive versus the non-invasive counterpart Bars, which 
represent chromosomal location of a gene, were color-coded 
according to the expression ratio, and only differences larger 



than 2-fold were regarded as informative (Rg. 1). The density 
of genes along the chromosomes varied, and areas contain- 
ing only one gene were excluded from the calculations. The 
resolution of the CGH method is very low, and some of the 
outlier data may be because of the fact that the boundaries of 
the chromosomal aberrations are not known at high resolution. 

Two sets of calculations were made from the data. For the 
first set we used CGH alterations as the independent variable 
and estimated the frequency of expression alterations in these 
chromosomal areas. In general, areas with a strong gain of 
chromosomal material contained a cluster of genes having 
increased mRNA expression. For example, both chromo- 
somes 1q21-q25, 2p and 9q, showed a relative gain of more 
than 100% In DNA copy number that was accompanied by 
increased mRNA expression levels in the two tumor pairs (Fig. 
1). In most cases, chromosqpal gains detected by CGH werg 
accompanied by an increased level of transcripts In both 
TCCs 733 (77%) and 827 (80%) (Table I, top). Chromosomal 
losses, on the other hand, were not accompanied by de- 
creased expression in several cases, and were often regis- 
tered as having unaltered RNA levels (Table I, top). The Inabil^ 
ity to detect RNA expression changes in these cases was not 
because of fewer genes mapping to the lost regions (data not 
shown). 

In the second set of calculations we selected expression 
alterations above 2-fold as the Independent variable and es- 
timated the frequency of CGH alterations In these areas. As 
above, we found that Increased transcript expression corre- 
lated with gain of chromosomal material (TCC 733, 69% and 
TCC 827, 59%), whereas reduced expression was often de- 
tected In areas with unaltered CGH ratios (Table I, bottom). 
Furthermore, as a control we looked at areas with no alter- 
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Expression changes 



Expression changes 
not detected 



Expression changes 
detected 



Expression changes 
' not detected 



Tumor 827 versus 532 Tumor 733 versus 335 

Ra 2. Correlation between maximum CGH aberration and the ability to detect expression change by oligonucleotide array 
monitoring. The aberration is shown as a numerical -fold change in ratio between invasive tumors 827 (A) and 733 (♦) arid their non-invasive 
counterparts 532 and 335. The expression change was taken from the Expression fine to the right In Fig. 1, which depicts the resulting 
expression change for a given chromosomal region. At least half of the mRNAs from a given region have to be either up- or down-regulated 
to be scored as an expression change. All chromosomal arms in which the CGH ratio plus or minus one standard deviation was outside the 
ratio value of one were included. 



atlon In expression. No alteration was detected. by CGH In. 
most of these areas (TCC 733 r 60% and TCC 827, 81%; see 
Table I, bottom). Because the ability to observe reduced or 
Increased mRNA expression clustering to a certain chromo- 
somal area clearly reflected the extent of copy number 
changes, we plotted the maximum CGH aberrations In the 
regions showing CGH changes against the ability to detect a 
change In mRNA expression as monitored by the oligonucleo- 
tide arrays (Fig. 2)(&>r both tumors TCC 733 (p < 0.01 51 and 
TCC 827 (p < 0.00003) a highly significant correiation was 
observed between the level of CGH ratio change (reflecting 
the DNA copy number) and alterations detected by the array 
based technology (Rg; 2^ Similar data were obtained when 
areas with altered expression were used as independent vari- 
ables. These areas correlated best with CGH when the CGH 
ratio deviated 1.6- to 2.0-fold (Table I, bottom) but mostly did 
not at lower CGH deviations. These data probably reflect that 
loss of an allele may only lead to a 50% reduction in expres- 
sion level, which is at the cut-off point for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
much larger extent, 

Miavsatellfte-based Detection of Minor Areas of Loss- 
es—In TCC 733, several chromosomal areas exhibiting DNA 
amplification were preceded or followed by areas with a nor- 
mal CGH but reduced mRNA expression (see Fig. 1, TCC 733 
chromosome 1q32, 2p21, and 7q21 and q32, 9q34, and 
1 0q22). To determine whether these results were because of 
undetected loss of chromosomal material in these regions or 



because of other non-structural mechanisms regulating tran- 
scription, we examined two mlcrosatellites positioned at chro- 
mosome 1q25~32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at both 1q25 and at 2p22 
indicating that minor deleted areas were not detected with the 
resolution of CGH (Fig. 3). Additionally, chromosome 2p in 
TCC 733 showed a CGH pattern of gain/no change/gain of 
DNA that correlated with transcript increase/decrease/in- 
crease. Thus, for the areas showing increased expression 
there was a correlation with the DNA copy number alterations 
(Fig. 1 A). As indicated above, the mRNA decrease observed in 
the middle of the chromosomal sain was because of LOH, 
implying that one of the mechanisms" for mRNA down-regu- 
lation may be regions that have undergone smaller tosses of 
chromosomal material. However, this cannot be detected with 
the resolution of the CGH method. 

In both TCC 733 and TCC 827, the telomeric end of chro- 
mosome 11p showed a normal ratio in the CGH analysis; 
however, clusters of five and three genes, respectively, lost 
their expression. Two microsatellrtes (D11S1760, D11S922) 
positioned close to MUC2, IGF2, and cathepsin D indicated 
LOH as the most likely mechanism behind the loss of expres- 
sion (data not shown). 

A reduced expression of mRNA observed in TCC 733 at 
chromosomes 3q24, 11p11, 12p12.2, 12q21.1, and 16q24 
and in TCC 827 at chromosome 11p15.5 f 12p11, 15q11.2, 
and 18q12 was also examined for chromosomal losses using 
mlcrosatellites positioned as dose as possible to the gene loci 
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Fig. 3. Microsateilite analysis of loss of heterozygosity. Tumor 
733 showing loss of heterozygosity at chromosome 1q25, detected 
(a) by D1S215 close to Hu class I histocompatibility antigen (gene 
number 38 Jn Fig. 1), (b) by D1S2735 close to cathepsln E (gene 
number 41 In Fig. 4}> and (c) at chromosome 2p23 byJB^2$4, close 
to general 0-spectrin (gene number 1 1 on Fig. 1) and of (d) tumor 827 
showing loss of heterozygosity at chromosome 18q12 by S18S1118 
close to mitochondrial 3-oxoacyl-coenzyme A thkrtase (gene number 
12 In Fig. t). The upper curves show the electropherogram obtained 
from normal DMA from leukocytes (A/), and the tower curves show the 
electropherogram from tumor DNA (7). In ail cases one allele Is 
partially lost in the tumor ampllcon. 

showing reduced mRNA transcripts. Only the microsateilite 
positioned at 18q12 showed LOH (Fig. 3), suggesting that 
transcriptional down-regulation of genes In the other regions 
may be controlled by other mechanisms. 

Relation between Changes in mRNA and Protein Levels— 
2D-PAGE analysis, In combination with Coomassle Brilliant 
Blue and/or silver staining, was carried out on all four tumors 
using fresh biopsy material, 40 well resolved abundant known 
proteins migrating In areas away from the edges of the pH 
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Fta 4. Correlation between protein levels as Judged by ZD- 
PAGE and transcript ratio. For comparison proteins were divided In 
three groups, unaltered In level or up- or down-regulated {horizontal 
axis). The mRNA ratio as determined by oligonucleotide arrays was 
plotted for each gene (vertical axis), A, mRNAs that were scored as 
present In both tumors used for the ratio calculation; A. mRNAs that . 
were scored as absent in the invasive tumors (along horizontal axis) or 
as absent in noninvasive reference (top of figure). Two different 
scaJings were used to exclude scaling as a confounder, TCCs 827 
and 532 (AA) were scaled with background suppression, and TCCs 
733 and 335 (#0) were scaled without suppression. Both compari- 
sons showed highly significant (p < 0.005) differences In mRNA ratios 
between the groups. Proteins shown were as follows: Group A (from 
left), phosphoglucomutase 1 , glutathione transferase class fi number 
4, fatty acid-binding protein homologue, cytokeratin 15, and cyto- 
keratln 13; B (from /eft), fatty acid-binding protein homologue, 28-kDa 
heat shock protein, cytokeratin 13, and cateycHn; C<trom te/r), o-eno- 
lase, hnRNP 81, 28-kDa heat shock protein, 14-3-3-*, and 
pre-mRNA splicing factor; D, mesotheliai keratin K7 (type II); B (from 
top), glutathione S-transf erase- ir and mesotheliai keratin K7 (type II); 
F(from fop and /eft), adenytyl cyclase-associated protein. E-cadherin, 
keratin 19, caigizzarin. pnosphoglycerate mutase, annexin IV, cy- 
toskeletal y-actln, hnRNP At, integral membrane protein calnexin 
(IP90), hnRNP H, brain-type dathrin Ught chain-a, hnRNP F, 70-kDa 
heat shock protein, heterogeneous nuclear ribonudeoprotein A/B, 
translattonaJly controlled tumor protein, liver gryceraldehyde-3-phos- 
phate dehydrogenase, keratin 8, aldehyde reductase, and Na,K- 
ATPase 0-1 subunit; G, (from fop and lel% TCP20, caigizzarin, 70- 
kDa heal shock protein, calnexin, hnRNP H, cytokeratin 15, ATP 
synthase, keratin 19, trlosephosphate teomerase, hnRNP F, fiver give- 
eraldehyde-3-phosphatase dehydrogenase, glutathione S-transfer- 
ase-w, and keratin 8; H (from fefl), plasma gelsofin, autoanBgen caJ- 
reticufin, thioredoxln, and NAD-f -dependent 1 5 hydroxyprostaglandin 
dehydrogenase; i (from top), prolyl 4-hydroxylase 0-subuntt, cyto- 
keratin 20, cytokeratin 17, prohibition, and fructose 1,6-biphos- 
phatase; J annexin II; K t annexin IV; L (from top and left), 90-kDa heat 
shock protein, prolyl 4-hydroxylase 3-subunit, a-enolase, GRP 78, 
cyclophilin, and cotlfln. 

gradient, and having a known chromosomal location, were 
selected for analysis In the TCC pair 827/532. Proteins were 
Identified by a combination of methods (see "Experimental 
Procedures"). In general there was a highly significant corre- 
lation (p < 0,005) between mRNA and protein alterations (Fig. 
4). Only one gene showed disagreement between transcript 
alteration and protein alteration. Except for a group of cyto- 
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keratins encoded by genes on chromosome 17 (Fig. 5) the 
analyzed proteins did not belong to a particular family- 28 well 
focused proteins whose genes had a know chromosomal 
location were detected in TCCs 733 and 335, and of these 19 
correlated (p < 0.005) with the mRNA changes detected using 
the arrays (Fig. 4). For example, PA-FABP was highly ex- 
pressed in the non-inyasive TCC 335 but lost in the invasive 
counterpart (TCC 733; see Fig. 5). The smaller number of 
proteins detected in both 733 and 335 was because of the 
smaller size of the biopsies that were available. 

11 chromosomal regions where CGH showed aberrations 
that corresponded to the changes in transcript levels also 
showed corresponding changes in the protein level (table II). . 
These regions included genes that encode proteins that are 
found to be frequently altered in bladder cancer, namely 
cytokeratlns 17 and 20, annexlns II and IV, and the fatty 
acid-binding proteins PA-FABP and FBP1. Four of these pro- 
teins were encoded by genes in chromosome 17q, a fre- 
quently amplified chromosomal area In invasive bladder 
cancers. 

DISCUSSION 

Most human cancers have abnormal DNA content, having 
lost some chromosomal parts and gained others. The present 
study provides some evidence as to the effect of these gains 
and losses on gene expression in two pairs of noninvasive 
and invasive TCCs using high throughput expression arrays 
and proteomics, in combination with CGH. In general, the 
results showed that there is a clear individual regulation of the 
mRNA expression of single genes, which In some cases was 
superimposed by a DNA copy number effect In most cases, 
genes located In chromosomal areas with gains often exhib- 
ited increased mRNA expression, whereas areas showing 
losses showed either no change or a reduced mRNA expres- 
sion. The latter might be because of the fact that losses most 
often are restricted to loss of one allele, and the cut-off point ' 
for detection of expression alterations was a 2-fold change, 
thus being at the border of detection. In several cases, how- 

Table II 



Proteins whose expression level correlates with both mRNA and gene dose changes 


Protein 


Chromosomal location 


Tumor TCC 


CGH alteration 


Transcript alteration" 


Protein alteration 


Annexln II 


lq21 


733 


Gain 


Abs to Pres" 


Increase 


Annaxln IV 


2p13 


733 


Gain 


3.9-Fold up 


Increase 


Cytokeratln 17 


17q12-q21 


827 


Gain . 


3.8-Fold up 


Increase 


Cytokeratln 20 


17q21.1 


827 


Gain 


5.6-Fold up 


Increase 


(PA-)FABP 


8q21.2 


827 


Loss 


10-Fold down 


Decrease 


FBP1 


9q22 


827 


Gain 


2.3-Fold up 


Increase 


Plasma gelsdin 


9q31 


827 


Gain 


Abs to Pres 


Increase 


Heat shock protein 28 


15q12-q13 


827 


Loss 


2.5-Fold up 


Decrease 


Prohibftin 


17q21 


827/733 


Qain 


3 J-/2.5-Fold up 6 


Increase 


Prolyl-4-hydroxyl 


17q25 


827/733 


Gain 


5.7-/1 .6-Fold up 


Increase 


hnRNPBI 


7p15 


827 


Loss 


2.5-Fold down 


Decrease 



° Abs, absent; Pres, present. 

b In cases where the corresponding alterations were found in both TCCs 827 and 733 these are shown as 827/733. 




Fig. 5. Comparison of protein and transcript levels in invasive 
and non-invasive TCCs. The upper part of the figure shows a 2D gel 
Heft) and the oligonucleotide array ifight) of TCC 532. The red rectan- 
gles on the upper gel highlight the areas that are compared below. 
Identical areas of 2D gels of TCCs 532 and 827 are shown below. 
Clearly, cytokeratlns 13 and 15 are strongly down-regulated In TCC 
827 (red annotation). The tile on the array containing probes for 
cytokeratln 15 is enlarged below the array (red arrow) from TCC 532 
and is compared with TCC 827. The upper row of squares in-each tile 
corresponds to perfect match probes; the lower row corresponds to 
mismatch probes containing a mutation (used for correction for un- 
specific binding). Absence of signal is depicted as black, and the 
higher the signal the fighter the color. A high transcript level was 
detected Fn TCC 532 (6151 units) whereas a much lower level was 
detected in TCC 827 (absence of signals). For cytokeratln 13, a high 
transcript level was also present in TCC 532 (15659 units), and a 
much tower level was present in TCC 827 (623 units). The 2D gels at 
the bottom of the figure (teft) show levels of PA-FABP and adipocyte- 
FABP fo TCCs 335 and 733 (Invasive), respectively. Both proteins are 
down-regulated in the Invasive tumor. To the right we show the array 
tiles for the PA-FABP transcript A medium transcript level was de- 
tected In the case of TCC 335 (1 277 units) whereas very low levels 
were detected In TCC 733 (1 66 units). /£F, isoelectric focjuslng. . , 
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ever, an increase or decrease in DNA copy number was 
associated with do novo occurrence or complete loss of tran- 
script, respectively. Some of these transcripts could not be 
. detected In the non-invasive tumor but were present at rela- 
tively high levels In areas with DNA amplifications in the inva- 
sive tumors (e.g. in TCC 733 transcript from cellular ligand of 
annexin II gene (chromosome 1q21) from absent to 2670 
arbitrary tinits; In TCC 827 transcript from small proline-rich 
protein 1 gene (chromosome 1q12-q21.1) from absent to 
1326 arbitrary units). It may be anticipated from these data 
that significant clustering of genes with an increased expres- 
sion to a certain chromosomal area indicates an increased 
likelihood of gain of chromosomal material In this area. 

Considering the many possible regulatory mechanisms act- 
ing at the level of transcription, it seems striking that the gene 
dose effects were so clearly detectable in gained areas. One 
hypothetical explanation may lie In the loss of controlled 
methylation In tumor cells (17-19). Thus, it may be possible . 
that in chromosomes with increased DNA copy numbers two 
or more alleles could be demethylated simultaneously leading 
to a higher transcription level, whereas In chromosomes with 
losses the remaining allele could be partly methylated, turning 
off the process (20, 21). A recent report has documented a 
ploidy regulation of gene expression In yeast, but In this case all 
the genes were present in the same ratio (22), a situation that is 
not analogous to that of cancer cells, which show marked 
chromosomal aberrations, as well as gene dosage effects. 

Several CGH studies of bladder cancer have shown that 
some chromosomal aberrations are common at certain 
stages of disease progression, often occurring in more than 1 
of 3 tumors, In pTa tumors, these include 9p-, 9q~, 1q-K Y- 
(2, 6), and;ln-pT1 tumors, 2q-,1 1p~. 1 1q-, 1q+, 5p+, 8q+, 
T7q+, and 20q+ (2-4, 6, 7). The pTa tumors studied here 
showed similar aberrations such as 9p- and 9q22-q33- and 
9q- and Y-, respectively. Likewise, the two minimal invasive 
pT1 tumors showed aberrations that are commonly seen at 
that stage, and TCC 827 had a remarkable resemblance to the 
commonly seen pattern ofOosses and gains, such as 1qg&£4 
amplification (seen in both tumors}, 1 1q14-q22 loss, the latter 
often linked to 17 q+ (both tumors), and 1q+ and 9p-, often 
linked to 20q+ and 11 q13+ (both tumors) (7-9). These ob- 
servations indicate that the pairs of tumors used In this study 
exhibit chromosomal changes observed in many tumors, and 
therefore the findings could be of general importance for 
bladder cancer. 

Considering that the mapping resolution of CGH is of about 
20 megabases it Is only possible to get a crude picture of 
chromosomal instability using this technique. Occasionally, 
we observed reduced transcript levels close to or inside re- 
gions with Increased copy numbers. Analysis of these regions 
by positioning heterozygous microsatellites as close as pos- 
sible to the locus showing reduced gene expression revealed 
loss of heterozygosity in several cases. It seems likely that 
multiple and different events occur along each chromosomal 



arm and that the use ofcDNA mlcroarrays for analysis of DNA 
copy number changes will reach a resolution that can resolve 
these changes, as has recently been proposed (2). The outlier 
data were not more frequent at the boundaries of the CGH 
aberrations. At present we do not know the mechanism be- 
hind chromosomal aneuploidy and cannot predict whether 
chromosomal gains will be transcribed to a larger extent than 
the two native alleles. A mechanism as genetic imprinting has 
an impact on the expression level in normal cells and is often 
reduced In tumors* However, the relation between imprinting 
and gain of chromosomal material is not known. 

We regard It as a strength of this investigation that we were 
able to compare invasive tumors to benign tumors rather than 
to normal urothelium, as the tumors studied were biologically 
very close, and pr } obably may represent successive steps In 
the progression of bladder cancer. Despite the limited amount 
of fresh tissue available it was possible to apply three different 
state of the art methods. The observed correlation between 
DNA copy number and mRNA expression Is remarkable when 
one considers that different pieces of the tumor biopsies were 
used for the different sets of experiments. This Indicate that 
bladder tumors are relatively homogenous, a notion recently 
supported by CGH and LOH data that showed a remarkable 
similarity even between tumors and distant metastasis (10, 23). 

. In the few cases analyzed, mRNA. and protein levels 
showed a striking correspondence although In some cases 
we found discrepancies that may be attributed to translational 
regulation, post-translatlonal processing, protein degrada- 
tion, or a combination of these. Some transcripts belong to 
undertranslated mRNA pools, which are associated with few 
translationally inactive ribosomes; these pools, however, 
seem to be rare (24). Protein degradation, for example, may 
be very important in the case of polypeptides with a short 
half-life (e.g. signaling proteins). A poor correlation between 
mRNA and protein levels was found In liver cells as deter- 
mined by arrays and 2D-PAGE (25), and a moderate correla- 
tion was recently reported by Ideker et al, (26) in yeast 
. (Interestingly, our study revealed a much betjer correlation 
between gained chromosomal areas and Increased mRNA 
levels than between loss of chromosomal areas and reduced 
mRNA levels. In general, the level of CGH change determined 
the ability to detect a change in transcript) One possible 
explanation could be that by losing one allele the change in 
mRNA level is not so dramatic as compared with gain of 
material, which can be rather unlimited and may lead to a 
severalfoid increase In.gene copy number resulting in a much 
higher Impact on transcript level, the latter would be much 
easier to detect on the expression arrays as the cut-off point 
was placed at a 2-fold level so as not to be biased by noise on 
the array. Construction of arrays with a better signal to noise 
ratio may In the future allow detection of lesser than 2-fold 
alterations in transcript levels, a feature that may facilitate the 
analysis of the effect of loss of chromosomal areas on tran- 
script levels. 
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• In eleven cases we found a significant correlation between 
DNA copy number, mRNA expression, and protein level. Four 
of these proteins were encoded by genes located at a fre- 
quently amplified area in chromosome 17q. Whether DNA 
copy number Is one of the mechanisms behind alteration of 
these eleven proteins Is at present unknown and will have to 
be proved by other methods using a larger number of sam- 
ples. One factor making such studies complicated Is the large 
extent of protein modification that occurs after translation, 
requiring Immunoidentification and/or mass spectrometry to 
correctly Identify the proteins In the gels. 

tn conclusion, the results presented in this study exemplify 
the large body of knowledge that may be possible to gather in 
the future by combining state of the art techniques that follow 
the pathway from DNA to protein (26). Here, we used a tradi- 
tional chromosomal CGH method, but in the future high reso- 
lution CGH based on mlcroarrays with many thousand radiation 
hybrid-mapped genes will increase the resolution and informa- 
tion deriv&f from these types of experiments (2). Combined with 
expression arrays analyzing transcripts derived from genes with 
known locations, and 2D gel analysis to obtain Information at 
the post-transiatfonal level, a dearer and more developed un- 
derstanding of the tumor genome will be forthcoming. 
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ABSTRACT 

Genetic changes underlie tumor progression and may lead to cancer- 
specific expression of critical genes. Over 11 00 publications have de- 
scribed the use of comparative genomic hybridization (CGH) to analyze 
the pattern of copy number alterations in cancer, but very few of the genes 
affected are known. Here, we performed high-resolution CGH analysis on 
cDNA micro arrays in breast cancer and directly compared copy number 
and mRNA expression levels of 13,824 genes to quantitate the impact. of 
genomic changes on gene expression. We identified and mapped the 
boundaries of 24 independent amplicoris, ranging in size from 0.2 to 12 
Mb, Throughout the genome, both high- and low-level copy number 
changes had a substantial impact on gene expression, with 44% of the 
highly amplified genes showing overexpression and 10.5% of the highly 
overexpressed genes being amplified. Statistical analysis with random 
permutation tests identified 270 genes whose expression levels across 14 
samples were systematically attributable to gene amplification. TJiese 
included most previously described amplified genes in breast cancer and 
many novel targets for genomic alterations, including the HOXB7 gene, 
the presence of which in a novel amplicon at 17q2i3 was validated in 
10.2% of primary breast cancers and associated with poor patient prog- 
nosis. In conclusion, CGH on cDNA microarrays revealed hundreds of 
novel genes whose overexpression is attributable to gene amplification. 
These genes may provide insights to the clonal evolution and progression 
of breast cancer and highlight promising therapeutic targets. 

INTRODUCTION 

Gene expression patterns revealed by cDNA microarrays have 
facilitated classification of cancers into biologically distinct catego- 
ries, some of which may explain the clinical behavior of the tumors 
(1-6). Despite this progress in diagnostic classification, the molecular 
mechanisms underlying gene expression patterns in cancer have re- 
mained,, elusive, and the utility of gene expression profiling in the 
identification of specific therapeudc targets remains limitedr^ ** 

Accumulation of genetic defects is thought to underlie the clonal 
evolution of cancer. Identification of the genes that mediate the effects 
of genetic changes may be important by highlighting transcripts that 
are actively involved in tumor progression. Such transcripts and their 
encoded proteins would be ideal targets , for anticancer therapies, as 
demonstrated by the clinical success of new therapies against ampli- 
fied oncogenes, such as ERBB2 md EGFR (7, 8), in breast cancer and 
other solid tumors. Besides amplifications of known oncogenes, over 
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Fig. 1 . Impact of gene copy number on global gene expression levels. A, percentage of 
over- and undere^presscd-tgenes (Y axis) according to copy numbcr^ratios (JT axis). 
Threshold values used for over- and underexpressfon were >2.184 (global upper 7% of 
the cDNA ratios) and <0.4826 (global lower 7% of the expression ratios). B, percentage 
of amplified and deleted genes according to expression ratios. Threshold values for 
amplification and deletion were > 1.5 and <0.7. * 



20 recurrent regions of DNA amplification have been mapped in 
breast cancer by CGH 5 (9, 10).. However, these amplicons are often 
large and poorly defined, and their impact on gene expression remains 
unknown. 

We hypothesized that genome-wide identification of those gene 
expression changes that are attributable to underlying gene copy 
number alterations would highlight transcripts that are actively in- 
volved in the causation or maintenance of the malignant phenotype. 
To identify such transcripts, we applied a combination of cDNA and 
CGH microarrays to: (a) determine the global impact that gene copy 
number variation plays in breast cancer development and progression; 
and (b) identify and characterize those genes whose mRNA expres- 



5 The abbreviations used are: CGH, comparative genomic hybridization; FISH, fluo- 
rescence in situ hybridization; RT-PCR, reverse transcription-PCR. 
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sion is most significantly associated with amplification of the corre- 
sponding genomic template. 

MATERIALS AND METHODS 

Breast Cancer Cell Lines. Fourteen breast cancer cell lines (BT-20, BT- 
474,HCC1428,Hs578t, MCF7, MDA-361, MDA-436, MDA-453, MDA-468, 
SKBR-3, T-47D, UACC812, ZR-75-1, and ZR-75-30) were obtained from the 
American Type Culture Collection (Manassas, VA). Cells were grown under 
recommended culture conditions. Genomic DNA and mRNA were isolated 
using standard protocols. 

Copy Number and Expression Analyses by cDNA Microarrays. The 
preparation and printing of the 13,824 cDNA clones on glass slides were 
performed as described (1 1-13). Of these clones, 244 represented uncharac- 
terized expressed sequence tags, and the remainder corresponded to known * 
genes. CGH experiments on cDNA mjcroarrays were done as described (14, 
15). Briefly, 20 ^tg of genomic DNA from breast cancer cell lines and normal 
human WBCs were digested for 14-18 h with Alul and Rsal (Life Technol- 
ogies, Inc., Rockville, MD) and purified by phenol/chloroform extraction. Six 
/ig of digested cell line D>JAs were labeled with Cy3-dUTP (Amersham 
Pharmacia) and normal DNA with Cy5-dUTP (Amersham Pharmacia) using 
the Bioprirae Labeling kit (Life Technologies, inc.). Hybridization (14, 15) and. 
posthybridizatidn washes (13) were done as. described. For the expression 
analyses, a standard reference (Universal Human Reference RNA; Stratagene, 
La Jolla, CA) was used in all experiments. Forty jtg of reference RNA were 
labeled with Cy3-dUTT and 3.5 j*g of test mRNA with Cy5-dUTP, and the 
labeled cDNAs were hybridized on microarrays as described (13, 15). For both 
microarray analyses, a laser confocal scanner (Agilent Technologies, Palo 
Alto, CA) was used to measure the fluorescence intensities at the target . 
locations using the DEARRAY software (16). After background subtraction, 
average intensities at each clone in the test hybridization were divided by the 
average intensity of the corresponding clone in the control hybridization. For 
the copy number analysis, the ratios were normalized on the basis of the 
distribution of ratios of all targets on the array and for the expression analysis 
on the basis of $8 housekeeping genes, which were spotted four times onto the 
array. Low quality measurements (f.e„ copy number data with mean reference 
intensity <I00 fluorescent units, and expression data with both test \ and 
reference intensity < 100 fluorescent unite and/or with spot size <50 units) 



were excluded from the analysis and were treated as missing values. The 
distributions of fluorescence ratios were used to define outpoints for increased/ 
decreased copy number. Genes with CGH ratio >1.43 (representing the upper 
5% of the CGH ratios across all experiments) were considered to be amplified, 
and genes with ratio <0:73 (representing the lower 5%) were considered to be 
deleted 

Statistical Analysis of CGH and cDNA Microarray Data, To evaluate 
the influence of copy number alterations on gene expression, we. applied the 
following statistical approach. CGH and cDNA calibrated intensity ratios were 
log-transformed and normalized using median centering of the values in each 
cell line. Furthermore, cDNA ratios for each gene across all 14 cell lines were 
median centered. For each gene, the CGH data were represented by a vector 
that was labeled 1 for amplification (ratio, >M3) and 0 for. no amplification. 
Amplification was correlated with gene expression using the signal-to-noise 
stataics (1). We calculated a weight, w r for each gene as./ollpws: 

where m glt a gl and o^, denote the means and SDs for the expression 
levels for amplified and nonamplified cell lines, respectively. To assess the 
statistical significance of each weight, we performed 10,000 random permu- 
tations of the label vector. The probability mat a gene had a larger or equal 
weight by random permutation than the original weight was denoted by a. A 
low a (<0.05) indicates a strong association between gene expression and 
amplification. 

Genomic Localization, of cDNA Clones and Amplicon Mapping. Each 
cDNA clone on the microarray was assigned to a Unigene cluster using the 
Unigene Build 14.1 * A database of genomic sequence alignment information 
for mRNA sequences was created from the August 2001 freeze of the Uni- 
versity of California Santa Cruz's GoldenPath database. 7 The chromosome and 
bp positions for each cDNA clone were then retrieved by relating these data 
sets, Amplicons were defined as a CGH copy number ratio >10 in at least two 
adjacent clones in two or more cell lines or a CGH ratio >2;0 in at least three 
adjacent clones in a single cell line. The amplicon start and end positions were 



* Internet address: httpi/Zresearch .nhgri j&^ov/micrc*nay/dowri 
7 Internet address: www.genome.uc8C.edu. 
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Table 1 Summary of independent amplicons in U breast cancer cell Una by 
CGH microarray 



Location 


Start (Mb) 


End fMbV 


oiz« \pfio) 


lp!3 


132.79 


132.94 


.02 


Iq21 


173.92 


was . 


33 


lq22 


179.28 


17*57 


03 


3pJ4 


71.94 


74.66. 


2.7 


7pl2.1-7pll.2 


. 55.62 


60.95 


53 


7q31 


125.73 


130.96 


$2 


7q32 


140.01 


140.68 


0.7 


8q21.ll~8q2l.l3 


86.45 


92.46 


6.0 


8q213 


98.45 


103.05 


4.6 


8q233-8q24.14 


129.88 


142.15 


123 


8q2422 


.15121 


152.16 


1.0 


9pl3 


38.65 


.3925 


0.6 


13q22-q31. 


77.15 


8138 


42 


16q22 


86.70 


87.62 


0.9 


J /qJ 1 


29.30 


30.85 


1.6 


17ql2-q21.2 


39.79 


. 42.80 


3.0 


17q2U2-^2U3 


52.47 


55.80 • 


33 


17q22-q23.3 


63.81 


69.70 


5.9 


17q233^4.3 


69.93 


74.99 


5.1 


19ql3 


40.63 


41.40 


0.8 


2Qqll.22 


34.59 


35.85 


.13 


20ql3.12 


44,00 


45.62 


1.6 


20qi3J2-^ql3.l3 


46.45 


49.43 


3.0 


2Qql3.2-o.13.32 


51.32 


59.12 


. 7.8 



extended to include neighboring nonamplified clones (ratio, <1.5). The am-, 
jplicon size determination was partially dependent on local clone density. 

FISH. Dual-color interphase FISH to breast cancer cell lines Was done as 
described (17). Bacterial artificial chromosome clone RP11-361K8 was la- 
beled with SpectrumOrange (Vysis, Downers Grove, IL), and Spectrum- 
Orange^labeled probe for EGFR was obtained from Vysis. SpectrumGreen- 
labeled chromosome 7. and 17 centromere probes (Vysis) were used as a 
reference. A tissue microarray containing 612 formalin-fixed, paraffin-embed- 
ded primary breast cancers (17) was applied in FISH analyses as described 
,(18). The use of these specimens was approved by the Ethics Committee of the 
University of Basel and by the NIH. Specimens containing a 2-fold or higher 
increase in the number of test probe signals, as compared with corresponding 
centromere signals, in at least 10% of the tumor cells were considered to be 
amplified. Survival analysis was performed using the Kaplan-Meier method 
and the log-rank test 

RT-PCR. The HOXB7 expression level was determined relative to 
GAPDH. Reverse transcription and PCR amplification were performed using 
Access RT-PCR System (Promega Corp., Madison, WI) with 10 ng of mRNA 
as a template. HOXB7 primers were 5 '-GAGCAGAGGGACTCGG ACTT-3 ' 
and 5'-GCGTCAdGTAGCGATTGTAG-3'. 

H. ■•"•':» ■ 

RESULTS " 

Global Effect of Copy Number on Gene Expression. 13,824 
arrayed cDNA clones were applied for analysis of gene expression 
and gene copy number (CGH microarrays) in 14 breast cancer cell 
lines. The results illustrate a considerable influence of copy number 
on gene expression patterns. Up to 44% of the highly amplified 
transcripts (CGH ratio, >2.5) were overexpressed (i.e., belonged to 
the global upper 7% of expression ratios), compared with only 6% for 
genes with normal copy number levels (Fig. 1A). Conversely, 10.5% 
of the transcripts with high-level expression (cDNA ratio, > 10) 
showed increased copy number (Fig. IB). Low-level copy number 
increases and decreases were also associated with similar, although 
less dramatic, outcomes on gene expression (Fig. 1). 

Identification of Distinct Breast Cancer Amplicons* Base-pair 
locations obtained for 1 1,994 cDNAs (86.8%) were used to plot copy 
number changes as a function of genomic position (Fig. 2, Supple- 
ment Fig. A). The average spacing of clones throughout the genome 
was 267 kbi This high-resolution mapping identified 24 independent 
breast cancer amplicons, spanning from 02 to-12 Mb of DNA (Table 
1). Several amplification sites detected previously by chromosomal 



CGH were validated, with lq21, 17ql2-n21.2> 17q22-q23, 20ql3.1, 
and 20ql3.2 regions being most commonly amplified Furthermore, 
the boundaries of mese amplicons were precisely delineated. In ad- 
dition, novel amplicons* were identified at 9pl3 (38.65-39.25 Mb) 
and 17q21.3 (52.47-55.80 Mb). . . : 

Direct Identification of Putative Amplification Target Genes. 
The cDNA/CGH microarray technique enables the direct correla- 
tion of copy number and expression data on a gene-by-gene basis 
throughout the genome. We directly annotated high-resolution 
CGH plots with gene expression data using color coding. Fig. 2C 
shows that most of the amplified genes in the MCF-7 breast cancer 
cell line at lpl3, 17q22-q23, and 20ql3 were highly overex- 
pressed. A view of chromosome 7 in the ME>A-468 cell line 
implicates EGFR as the most highly overexpressed and amplified 
gene at 7pll-pl2 (Fig.. 3A). In BT-474, the two known amplicons 
at 17ql2. and 17q22-q23 contained numerous highly overex- 
pressed genes (Fig. 32?). In addition, several genes,, including the 
homeobox genes HOXB2 and HOXB7, were highly amplified in a 
. previously undescribed independent aniplicon. at. 17q2L 3. HOXB7 
was systematically amplified (as validated by FISH, Fig. IB, inset) 
as well as overexpressed (as verified by RT-PCR, data not shown) 
in BT-474, UACC812, and ZR-75-30 cells. Furthermore, this novel 
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Fig. 3. Annotation of gent expression data on CGH microarray profiles. A, genes in the 
7pl 1 -pi 2 amplicon in the MDA-468 cell line are highly expressed {red dots) and include 
the EGFR oncogene. B, several genes in the 17ql2, 1 7^21.3, and 17q23 amplicons in the 
BT-474 breast cancer cell line are highly overexpressed (red) and include the HOXB7 
gene. The data labels and color coding are as indicated for Fig. 2G Insets show 
chromosomal CGH profiles for the corresponding chromosomes and validation of the 
increased copy number by interphase FISH using EGFR {red) and chromosome 7 
centromere probe (green) to MDA-468. (4) and HQXB7*pcdfic probe (red) and chro- 
mosome 17 centromere (green) to BT-474 cells (S). 
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Rg. 4. Ut of SO genes with « statistically 
significant correlation (* valne <tt05) between 
number and gene expression. Name 
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amplification was validated to be present in 10.2% of 363 primary 
breast cancers by FISH to a tissue microarray and was associated 
with poor prognosis of the patients \P = OiOOl). 

Statistical Identification and Characterization of 270 Highly 
Expressed Genes in Amplicons. Statistical comparison of expres- 
sion levels of all genes as a fiinction of gene amplification identified 
270 genes whose expression was significantly influenced by copy 
number across all 14 cell lines (Fig. 4, Supplemental Fig. B). Accord- 
ing to the gene ontology data, 8 91 of the 270 genes represented 
hypothetical proteins or genes with no functional annotation, whereas 
179 had associated functional information available. Of these, 151 
(84%) are implicated in apoptosis, cell proliferation, signal transduc- 
tion, and transcription, whereas 28 (16%) had functional annotations 
that could not be directly linked with cancer. . 



Internet address; http://www.geneontology.org/. 



DISCUSSION 

The importance of recurrent gene and chromosome copy number 
changes in the development and progression of solid tumors has been 
characterized in >1000 publications applying CQH 9 (9, 10), as well 
as in a large number of other molecular cytogenetic, cytogenetic, and 
molecular genetic studies. The effects of these somatic gcrteric 
changes on gene expression levels have remained largely unknown, 
although a few studies have explored gene expression changes occur- 
ring in specific amplicons (15, 19-21). Here, we applied genome- 
wide cDNA microarrays to identify transcripts whose expression 
changes were attributable to underlying gene copy number alterations 
in breast cancer. 

The overall impact of copy number on gene expression patterns was 
substantial with the most dramatic effects seen in the case of high- 
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level copy number increase. Low-level copy number gains and losses 
also had a significant influence on expression levels of genes in the 
regions affected, but these effects were more subtle on a gene-by-gene 
basis than those of high-level amplifications- However, the impact of 
low-level gains on the dysregulation of gene expression patterns in 
cancer may be equally important if not more important than that of 
high-level amplifications. Aneuploidy and low-level gains and losses 
of chromosomal arms represent the most common types of genetic 
alterations in breast and other cancers and, therefore, have an influ- 
ence on many genes. Our results in breast cancer extend the recent 
studies on the impact of aneuploidy on global gene expression pat- 
terns in yeast cells, acute myeloid leukemia, and a prostate cancer 
model system (22-24)^ 

The CGH microarray analysis identified 24 independent breast 
cancer amplicons. We defined the precise boundaries for, many am- 
. plicons detected previously by chromosomal CGH (9, 1 0, 25, 26) arid 
also discovered novel amplicons that had not been detected previ- 
ously, presumably because of their small size (only 1-2 Mb) or close 
proximity to other larger amplicons. One of these novel amplicons 
involved the homeobox gene region at 17q21 J and led to the over- 
expression of the HOXB7 and HOXB2 genes. The homeodomain 
transcription factors are' known to be key regulators of embryonic 
development and have been occasionally reported to undergo aberrant 
expression in cancer (27, 28). HOXB7 trarisfection induced cell pro- 
liferation in melanoma, breast, and ovarian cancer cells and increased 
tumorigenicity and angiogenesis in breast cancer (29-32). the pres- 
ent results imply that gene amplification may be a prominent mech- 
anism for overexpressing HOXB7 in breast cancer and suggest that 
HOXB 7 contributes to tumor progression and confers an aggressive 
disease phenotype in breast cancer. This view is supported by our 
finding of amplification of HOXB 7 in 10% of 363 primary breast 
cancers, as well as an association of amplification with poor prognosis 
: of the patients. 

We carried out a systematic search to identify genes whose 
expression levels across all 14 cell lines were attributable to 
amplification status. Statistical analysis revealed 270 such genes 
(representing —2% of all genes on the array), including not only 
previously . described amplified genes, such as MYC, 
EGFR y ribosornal protein s6 kinase, and AIB3, but also numerous 
novel genes such as NRAS^related gene (lp!3), syndecan-2 (8q22), 
and bone morphogenic protein (20ql3.1), whose activation by 
amplificatioji may similarly promote breast cancer progression. . 
Most of the 270 geneS have not been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all of them to be causally 
involyed, it is intriguing that 84% of the genes with associated 
functional information were implicated in ajpoptosis, cell prolifer- 
ation, signal transduction, transcription, or other cellular processes 
that could directly imply a possible role in cancer progression. 
Therefore, a detailed characterization of these genes may provide 
biological insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 

In summary, we. demonstrate application of cDNA microarrays 
to the analysis of both copy number and expression levels-of over 
12,000 transcripts throughout the breast cancer genome, roughly 
once every 267 kb. This analysis provided: (a) evidence of a 
.), prominent global influence of copy number changes on gene 
expression levels; (b) a high-resolution map. of 24 independent 
amplicons in breast cancer; and (c) identification of a set of 270 
genes, the o vef expression of which was statistically attributable to 
gene amplification: Characterization of a novel ampiicon at 
17q21.3 implicated amplification and oyerexpression of the 
HOXB7 gene in breast cancer, including a clinical association 



between HOXB 7 amplification and poor patient prognosis. Overall, 
our results illustrate how the identification of genes activated by 
gene amplification provides a powerful approach to highlight 
genes with an important role in cancer as well as to prioritize and 
validate putative targets for therapy development 
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Genomic DNA copy number alterations are key genetic events In 
the development and progression of human cancers. Here we 
report a genome-wide microarray comparative genomic hybrid* 
teation (array CGH) analysis of DNA copy number variation m 
a series of primary human breast tumors. We have profiled DNA 
copy number alteration across 6.691 mapped human genes, in 44 
predominantly advanced, primary breast tumors and 10 breast 
cancer ceil lines. While the overall patterns of DNA amplification 
and deletion corroborate previous cytogenetic studies, the high- 
resolution (gene-by-gene) mapping of amplicon boundaries and 
the quantitative analysis of amplicon shape provide significant 
improvement in the localization of candidate oncogenes. Parallel 
microarray measurements of mRNA levels reveal the remarkable 
degree to which variation in gene copy number contributes to 
variation in gene expression In tumor cells. Specifically, we find 
that 62% of highly amplified genes show moderately or highly 
elevated expression, that DNA copy number, influences, gene ex- 
pression across a wide range of DNA copy number alterations 
(deletion, low-, mid- and high-level amplification), that on average, 
a Z-foto change in DNA copy number is associated with a corre- 
sponding 1.5-fold change in mRNA levels, and that overall, at least 
12% of all the variation In gene expression among the breast 
tumors is directly attributable to underlying variation in gene copy 
number. These findings provide evidence that widespread DNA 
copy number alteration can lead directly to global deregulation of 
gene expression, which may contribute to the development or 
progression of cancer. 

Conventional cytogenetic techniques, including comparative 
genomic hybridization (CGH) (1), have led to the identifi- 
cation of a number of recurrent regions of .DNA copy number 
alteration in breast cancer celhlines and tumors (2-4). While 
some of these regions contain known or candidate oncogenes 
[e.g., FOFRl (8pll), MYC (8q24), OCND1 (llq!3), ERBB2 
(17ql2), and ZNF217 (20ql3)] and tumor suppressor genes 
[RBI (13ql4) and TP53 (17pl3)], the relevant gene(s) within 
other regions (e.g., gain of lq, 8q22, aiid 17q22-24, and loss of 
8p) remain to be identified. A high-resolution genome-wide 
map, delineating the boundaries of DNA copy number alter- 
ations in tumors, should facilitate the localization and identifi- 
cation of oncogenes and tumor suppressor genes in breast 
cancer. In this study, we have created such a map, using 
array-based CGH (5-7) to profile DNA copy number alteration 
in a series of breast cancer cell lines and primary tumors. 

An unresolved question is the extent to which the widespread 
DNA copy number changes that we and others have identified 
in breast tumors alter expression of genes within involved 
regions. Because we had measured mRNA levels in parallel in 
the same samples (8), using the same DNA microarrays, we had 
an opportunity to explore on a genomic scale the relationship 
between DNA copy number changes and gene expression! From 



this analysis, we have identified a significant impact of wide- 
spread DNA copy number alteration on the transcriptional 
programs of breast tumors. 

Materials and Methods 

Tumors and Cell Lines. Primary breast tumors were predominantly 
large (>3 cm), intermediate-grade, infiltrating ductal carcino- 
mas; "with more tharr ^eing lymph node positive. The 
fraction of tumor cells within specimens averaged at least 50%. 
Details of individual tumors have been published (8, 9), and 
are summarized in Table 1, which is published as supporting 
information on the PNAS web site, www.pnas.org. Breast cancer 
cell lines were obtained from the American Type Culture 
Collection. Genomic DNA was isolated either using Qiagen 
genomic DNA columns, or by phenol/chloroform extraction 
followed by ethanol precipitation. 

DMA Labeling and Microarray Hybridizations. Genomic DNA label- 
ing and hybridizations were performed essentially as described 
in Pollack etal (7), with slight modifications. Two micrograms 
of DNA was labeled in a total volume of 50 microliters and the 
volumes of all reagents were adjusted accordingly. 'Test" DNA 
(from tumors and cell lines) was f iuorescently labeled (Cy5) and 
hybridized to a human cDNA microarray containing 6,691 
different mapped human genes (i.e., UniGene clusters). The 
"reference" (labeled with Qr3) for each hybridization was nor- 
mal female leukocyte DNA from a single donor. The fabrication 
of cDNA microarrays and the labeling and hybridization of 
mRNA samples have been described (8). 

Data Analysis and Map Positions. Hybridized arrays were scanned 
on a GenePix^canner (Axon Instruments, Foster City, CA), and 
fluorescence ratios (test/reference) calculated using scanalyze 
software (available at http://ranaJbl.gov). Fluorescence ratios 
were normalized for each array by setting the average log 
fluorescence ratio for all array elements equal to 0. Measure- 
ments with fluorescence intensities more than 20% above back- 
ground were considered reliable. DNA copy number profiles 
that deviated significantly from background ratios measured in 
normal genomic DNA control hybridizations were interpreted as 
evidence of real DNA copy number alteration (see Estimating 
Significance of Altered Fluorescence Ratios in the supporting 
information). When indicated, DNA copy number profiles are 
displayed as a moving average (symmetric 5-nearest neighbors). 
Map positions for arrayed human cDNAs were assigned by 
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Rg. 1. Genome-wide measurement of DMA copy number alteration by array CGH. (a) DNA copy number profiles are illustrated for cell tines containing different 
numbers of X chromosomes, for breast cancer cell lines, and for breast tumors, each row represents a different cell line or tumor, and each column represents 
one of 6,691 different mapped human genes present on the microarray. ordered by genome map position from ipter through Xqter. Moving average (symmetric 
5-nearest neighbors) fluorescence ratios (test/reference) are depicted using a logrbased pseudocolor scale (indicated), such that red luminescence reflects 
fold-amplification, green luminescence reflects fold-deletion, and black indicates no change (gray indicates poorly measured data). <6) Enlarged view of DNA 
copy number profiles across the X chromosome, shown for cell lines containing different numbers of X chromosomes. 



identifying the starting position of the best and longest match of 
any DNA sequence represented in the corresponding UniGene 
cluster (10) against the "Golden Path" genome assembly 
(http://genome.ucsc.edu/; Oct 7, 2000 Freeze). For UniGene 
clusters represented by muJUple^arra^ed elements, mean fiuo* 
resoence ratios (for all elements representing the same UniGene 
cluster) are reported. For mRNA measurements, fluorescence 
ratios are "mean-centered" (Le„ reported relative to the mean 
ratio across the 44 tumor samples). The data set described here 
can be accessed in its entirety in the supporting information. 

Results 

We performed CGH on 44 predominantly locally advanced, 
primary breast tumors and 10 breast cancer cell lines, using 
cDNA microarrays containing 6,691 different mapped human 
genes (Fig. la; also see Materials and Methods for details of 
microarray hybridizations). To take full advantage of the im- 
proved spatial resolution of array CGH, we ordered (fluores- 
cence ratios for) the 6,691 cDNAs according to the "Golden 
Path" (http://genome.ucsc.edu/) genome assembly of the draft 
human genome sequences (11). In so doing, arrayed cDNAs not 
only themselves represent genes of potential interest (e.g., 
candidate oncogenes within amplicons), but also provide precise 
genetic landmarks for chromosomal regions of amplification and 



deletion. Parallel analysis of DNA from cell lines containing 
different numbers of X chromosomes (Fig. lb), as we did before 
(7), demonstrated the sensitivity of our method to detect single- 
copy loss (45, XO), and 1.5- (47,XXX), 2- (4o\XXXX), or 
25-fold (49,XXXX£) gains (also see Fig. 5, which is published 
as supporting information on the PNAS web site). Fluorescence - 
ratios were linearly proportional to copy number ratios, which 
were slightly underestimated, in agreement with previous ob- 
servations (7). Numerous DNA copy number alterations were 
evident in both the breast cancer cell lines and primary tumors 
(Fig. la), detected fn the tumors despite the presence of euploid 
non-tumor cell types; the magnitudes of the observed changes 
were generally lower in the tumor samples. DNA copy-number 
alterations were found in every cancer cell line and tumor, and 
on every human chromosome in at least one sample. Recurrent 
regions of DNA copy number gain and loss were readily iden- 
tifiable. For example, gains within lq, 8q, 17q, and 20q were 
observed in a high proportion of breast cancer cell lines/tumors 
(90%/69%, 100%/47%, 100%/60%, and 90%/44%, respective- 
ly, as were losses within lp, 3p, 8p, and )3q (80%/24%, 
80%/22%, 80%/22%, and 70%/18%, respectivery), consistent 
with published cytogenetic studies (refe. 2-4; a complete listing 
of gams/losses is provided in Tables 2 and 3, which are published 
as supporting information on the PNAS web site). The total 
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Rg. 2. DNA copy number alteration across chromosome 8 by array CGH. (a) DNA copy number profiles are illustrated for cell lines containing different numbers 
of X chromosomes, for breast cancer cell lines, and for breast tumors. Breast cancer cell lines and tumors are separately ordered by hierarchical clustering to 
highlight recurrent copy number changes. The 241 genes present on the mkroarrays and mapping to chromosome 8 are ordered by position along the 
chromosome. Fluorescence ratios (test/reference) are depicted by a logj pseudocolor scale (indicated). Selected genes are Indicated with co tor-coded text (red. 
Increased; green, decreased; black, no change; gray, not well measured) to reflect correspondingly altered mRNA levels (observed in the majority of the subset 
of samples displaying the DNA copy number change). The map positions for genes of interest that are not represented on the miooarray are indicated in the 
row above those genes represented on the array, (b) Graphical' display °* DNA copy number profile for breast cancer ceil line SKBR3. Fluorescence ratios 
($umor /normal) are plotted on a \og 2 sjwlejgr chromosome 8 genes, ordered along the chromosome. ' > 



number of genomic alterations (gains and losses) was found to 
be significantly higher in breast tumors that were high grade (P = 
0.008), consistent with published CGH data (3), estrogen recep- 
tor negative (P » 0.04), and harboring TP53 mutations (P = 
0.0006) (see Table 4, which is published as supporting informa- 
tion on the PNAS web site). 

The improved spatial resolution of our array COH analysis is 
illustrated for chromosome 8, which displayed extensive DNA 
copy number alteration in our series. A detailed view of the 
variation in the copy number of 241 genes mapping to chromo- 
some 8 revealed multiple regions of recurrent amplification; 
each of these potentially harbors a different known or previously 
uncharacteriaed oncogene (Fig. 2a), The complexity of amplicdn 
structure is most easily appreciated in the breast cancer cell line 
SKBR3. Although a conventional CGH analysis of 8q in SKBR3 
identified only two distinct regions of amplification (12), we 
observed three distinct regions of high-level amplification (la- 
beled 1-3 in Fig. 2b). For each of these regions we can define the 



boundaries of the interval recurrently amplified in the tumors we 
examined; in each case, known or plausible candidate oncogenes 
can be identified (a description of these regions, as well as the 
recurrently amplified regions on chromosomes 17 and 20, can be 
found in Figs. 6 and 7, which are published as supporting 
information on the PNAS web site). 

For a subset of breast cancer cell lines and tumors (4 and 37, 
respectively), and a subset of arrayed genes (6,095), mRNA 
levels were quantitatively measured in parallel by using cDNA 
microarrays (8). The parallel assessment of mRNA levels is 
useful in the interpretation of DMA copy number changes. For 
example, the highly amplified genes that are also highly ex- 
pressed are the strongest candidate oncogenes within an ampli- 
con. Perhaps more significantly, our parallel analysis of DNA 
copy number changes and mRNA levels provides us the oppor- 
tunity to assess the global impact of widespread DNA copy 
number alteration on gene expression in tumor cells. 

A strong influence of DNA copy number on gene expression 
is evident m an examination of the pseudocolor representations 
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Fig, 3, Concordance between DNA copy number and gene expression across chromosome 17. ONA copy number alteration (Upper) and mRNA levels (tower) 
are illustrated -for breast cancer cell lines and tumors. Breast cancer cell lines and tumors are separately ordered by hierarchical clustering {Upper), and the 
Identical sample order is maintained (lower). The 354 genes present on the mlcroarrays and mapping to chromosome 1 7, and for which both DNA copy number 
and mRNA levels were determined, are ordered by position along the chromosome; selected genes are indicated in color-coded text (see Fig. 2 legend). 
Fluorescence ratios (test/reference) are depicted by separate iog 2 pseudocolor scales (indicated). 



of DNA copy number and mRNA levels for genes on chromo- 
some 17 (Fig. 3). The overall patterns of gene amplification and 
elevated gene expression axe quite concordant; Le., a significant 
fraction of highly amplified genes aprKat to be correspondingly 
highly expressed, the concordance between high-level amplifi- 
cation and increased gene expression is not restricted to chro- 
mosome 17. Genome-wide, of 117 high-level DNA amplifica- 
tions (fluorescence ratios >4, and representing 91 different 
genes), 62% (representing 54 different genes; see Table 5, which 
is published as supporting information on the PNAS web site) 
are found associated with at least moderately elevated mRNA 
levels (mean-centered fluorescence ratios >2), and 42% (rep- 
resenting 36 different genes) are found associated with compa- 
rably highly elevated mRNA levels (mean-centered fluorescence 
ratios >4). 

To determine the extent to which DNA deletion and lower- 
level amplification (in addition to high-level amplification) are 
also associated with corresponding alterations in mRNA levels, 
we performed three separate analyses on the complete data set 
(4 cell lines and 37 tumors, across 6,095 genes). First, we 
determined the average mRNA levels for each of five classes 
of genes, representing DNA deletion, no change, and low-, 
medium-, and high-level amplification (Fig. 4a). For both the 



breast cancer cell lines and tumors, average mRNA levels 
tracked with DNA copy number across all five classes, in a 
statistically significant fashion (P values for pair-wise Student's 
f tests comparing adjacent classes: cell lines, 4 X 10* 4 * 1 X 10* 49 , ^ 
5 X Iflr*, 1 X 10-*, tumors, 1 X 10"* 1*X lO' 21 * 5 KlHr*\ 
1 X 1(H). A linear regression of the average log(DNA copy 
number), for each class, against average log(mRNA level) 
demonstrated that on average, a 2-fold change in DNA copy 
number was accompanied by 1.4- and 15-fold changes in mRNA 
level for the breast cancer cell lines and tumors, respectively (Fig. 
4a, regression line not shown). Second, we characterized the 
distribution of the 6,095 correlations between DNA copy num- 
ber and mRNA level, each across the 37 tumor samples (Fig. 46). 
The distribution of correlations forms a normal-shaped curve, 
but with the peak markedly shifted in the positive direction from 
zero. This shift is statistically significant, as evidenced in a plot 
of observed vs. expected correlations (Fig. 4c), and reflects a 
pervasive global influence of DNA copy number alterations on 
gene expression. Notably, the highest correlations between DNA 
copy number and mRNA level (the right tail of the distribution 
in Fig. 4b) comprise both amplified and deleted genes (data not 
shown). Third, we used a linear regression model to estimate the 
fraction of all variation measured in mRNA levels among the 37 
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Fig. 4. Genome-wide influence of DNA copy number alterations on mRNA levels, (a) For breast cancer cell lines (gray) and tumor samples (black), both 
mean-centered mRNA fluorescence ratio (tog 2 scale) quartHes (box plots Indicate 25th, 50th, and 75th percentile) and averages (diamonds; YWalue error bars 
Indicate standard errors of the mean) are plotted for each of five classes of genes, representing ONA deletion (tumor/normal ratio < 0.8). no change (0.8-1 .2), 
low- (1.2-2). medium- (2-4), and high-level (>4) amplification. Rvalues for pair-wise Student's t tests, comparing averages between adjacent classes (moving 
lefttorlght).are4 x lO** 43 , 1 x 10 ~« 5 x 10"* 1 x 10" 1 (cell lines), and 1 x 10^", 1 x 10" 21 * 5 x 10* 41 . 1 x 10"* (tumors), <M Distribution of correlations between 
DNA copy number and mRNA levels, for 6,095 different human genes across 37 breast tumor samples, (c) Plot of observed versus expected correlation coefficients. 
The expected values were obtained by randomization of the sample labels in the DNA copy number data set The line of unity Is Indicated, (d) Percent variance 
in gene expression (among tumors) directly explained by variation in gene copy number. Percent variance explained, (blade line) and fraction of data retained 
(gray line) are plotted for different fluorescence intensity /background (a rough surrogate for signal/noise) cutoff values. Fraction of data retained Is relative 
to the 1.2 intensity/background cutoff. Details of the linear regression model used to estimate the fraction of variation In gene expression attributable to 
underlying DNA copy number alteration can be found In the supporting Information (see Estimating the Fraction of Variation in Gene Expression Attributable 
to Underlying DNA Copy Number Alteration), 



tumors that could be attributed to underlying variation in DNA 
copy number. From this analysis, we estimate that, overall, about 
7% of all of the observed variation in mRNA levels can be 
explained directly by variation in copy number of the altered 
genes (Fig. Ad). We can reduce the effects of experimental 
measurement error on this estimate b^usin&Qaly tiJat fraction 
of the data raosCreliabiy measured (fluorescence intensity/ 
background >3); using that data, our estimate of the percent 
variation in mRNA levels directly attributed to variation in gene 
copy number increases to 12% (Fig. 4£). This still undoubtedly 
represents a significant underestimate, as the observed variation 
in global gene expression is affected not only by true variation in 
the expression programs of the tumor cells themselves, but also 
by the variable presence of non-tumor cell types within clinical 
samples. 

Discussion 

This genome-wide, array CGH analysis of DNA copy number 
alteration in a series of human breast tumors demonstrates the 
Usefulness of defining amplicon boundaries at high resolution 
(gene-by-gene), and quantitatively measuring amplicon shape, to 
assist in locating and identifying candidate oncogenes. By ana- 
lyzing mRNA levels in parallel, we have also discovered that 
changes in DNA copy number have a large, pervasive, direct 
effect on global gene expression patterns in both breast cancer 



cell lines and tumors. Although the DNAmicroarrays used in our 
analysis may display a bias toward characterized and/or highly 
expressed genes, because we are examining such a large fraction 
of the genome (approximately 20% of all human genes), and 
because, as detailed above, we are likely underestimating the 
contribution of DNA copy number changes to altered gene 
exprcssioivwe believe our findings are likely to be generalizable 
(but would nevertheless still be remarkable if only applicable to 
this set of -6,100 genes). 

In budding yeast, aneuploldy has been shown to result in 
chromosome-wide gene expression biases (13). Two recent 
studies have begun to examine the global relationship between 
DNA copy number and gene expression in cancer cells. In 
agreement with bur findings, Phillips er aL (14) have shown that 
with the acquisition of tumorigenicity in an immortalized pros- 
tate epithelial cell line, new chromosomal gains and losses 
resulted in a statistically significant respective increase and 
decrease in the average expression level of involved genes. In 
contrast, Platzer et aL (15) recently reported that in metastatic 
colon tumors only —4% of genes within amplified regions were 
found more highly (>2-fold) expressed, when compared with 
normal colonic epithelium. This report differs substantially from 
our finding that 62% of highly amplified genes in breast cancer 
exhibit at least 2-fold increased expression. These contrasting 
findings may reflect methodological differences between the 
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studies. For example, the study of Platzer et al (15) may have 
systematically under-measured gene expression changes. In this 
regard it is remarkable that only 14 transcripts of many thousand 
residing within unamplified chromosomal regions were found to 
exhibit at least 4-fold altered expression in metastatic colon 
cancer. Additionally, their reliance on lower-resolution chromo- 
somal CGH may have resulted in poorly delimiting the bound- 
aries of high-complexity amplicons, effectively overcalltng re- 
gions with amplification. Alternatively, the contrasting findings 
for amplified genes may represent real biological differences 
between breast and metastatic colon tumors; resolution of this 
issue will require further studies. 

Our findi ng that widespread DNA copy number alteration has 
a large, pervasive and direct effect on global gene expression 
patterns in breast cancer has several important implications. 
First, this rinding supports a high degree of copy number- 
dependent gene expression in tumors. Second, it suggests that 
most genes are not subject tp specific autoregulation or dosage 
compensation. Third, this finding cautions that elevated expres- 
sion of an amplified gene cannot alone be considered strong 
independent evidence of a candidate oncogene's role in tumor- 
igenesis. In our study, fully 62% of highly amplified genes 
_ demonstrated moderatery or highly elevated ^expression. This 

~ rJ5> t *^"' B highlights the importance of high-resolutionthapping of amplf^ 
con boundaries and shape [to identify the "driving*" gene(s) 
within amplicons (16)], on a large number of samples/in addition 
to functional studies. Fourth, this finding suggests that analyzing 
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the genomic distribution of expressed genes, even within existing 
raicroarray gene expression data sets, may permit the inference 
of DNA copy number aberration, particularly aneuploidy (where 
gene expression can be averaged across large chromosomal 
regions; see Fig. 3 and supporting information). Fifth, this 
finding implies that a substantial portion of the phenotypic 
uniqueness (and by extension, the heterogeneity in clinical 
behavior) among patients' tumors may be traceable to underly- 
ing variation in DNA copy number. Sixth, this rinding supports 
a possible role for widespread DNA copy number alteration in 
tumorigenesis (17, 18), beyond the amplification of specific 
oncogenes. and deletion of specific tumor suppressor genes. 
Widespread DNA copy number alteration, and the concomitant 
widespread imbalance in gene expression, might disrupt critical 
stoichiometric relationships in cell metabolism and physiology 
(e.g., prpteosome, mitotic spindle), possibly promoting further 
chromosomal instability and directly contributing to tumor 
development or progression. Finally, our findings suggest the 
possibility of cancer therapies that exploit specific or global 
imbalances in gene expression in cancer. 
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4. AshkenazL A .; Capon, and D. Ward, FL Immunoadhesins. Int. Rev. Immunol 10, 
217-225 (1993). 

5. AshkenazL A ., and Peralta, E. Muscarinip Receptors. In Handbook of Receptors 
and Channels. (S. Peroutka, ed.), CRC Press, Boca Raton, Vol. I, p. 1-27, (1994). 
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therapeutic agents. Curr. Opin. Immunol. 9, 195-200 (1997). — 
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281,1305-1308(1998). 
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Curr. Opin. Cell. Biol 11, 255-260 (1999). 
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Antibody Fusion Proteins (Chamow, S., and Ashkenazu A ., eds., John Wiley and 
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1 i Resistance of primary HIV isolates to CD4 is independent of CD4-gp 120 binding 
affinity. UCSD Symposium, HIV Disease: Pathogenesis and Therapy. 
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2. Use of immuno-hybrids to extend the half-life of receptors. D3C conference on 
Biopharmaceutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor Immunoadhesins for the Treatment of Sepsis. BC 
conference on Eisdotoxemia and ^ep^sis. Philadelphia, PA/June^i992. ■ " ' 

4. Immunoadhesins: an alternative to human antibodies. LBC conference on 
Antibody Engineering. San Diego, CA, December 1993. 

5. Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA, May 1 993. 

6. Protective efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock, 5th International Congress on TNF. 
Asilomar, CA, May 1994. 

7. Interferon-y signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of Immunologists Conference. San 
Franciso, CA, July 1995. 

8. Immunoadhesins: Principles and Applications. Gordon Research Conference on 
Drug Delivery in Biology and Medicine. Ventura, C A, February 1996. 

1A 



' . . ' •■ .- • • • • . 

9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge Symposium on TNF and Related (^okines in Treatnient of 
Cancer. Hilton-Head, NG, March 1996 

10. Induction of apoptosis by App2 Ligand. American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 
Orleans, LA, June, 1996. 

1L Apo2 ligand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 
Palo Alto, CA, October 1996. 

12. Regulation of apoptosis by members of the TNF ligand and receptor families. 
Stanford University School of Medicine, Palo Alto, CA, December 1996. 

13. Apo-3: anovel receptor that regulates cell death and inflanjmation. 4th 
International Congress on Immune Consequences of Trauma, Shock, and Sepsis. 
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14. New members of the TNF ligand and receptor families that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, C A, March 1997. 

15. Immunoadhesins: an alternative to monoclonal antibodies: 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 1997. 

16. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1997. 

17. Chairman and speaker, Apoptosis Scaling session. EBC's 4th Annual 
Conference on Apoptosis. SanDiego, CA., October 1997. 

1 8. Control of Apo2L signaling by death and decoy receptors. American Association 
for the Advancement of Science. Philadelphia, PA, February 1998, 

~ v 19. Apo2 ligand and its^eceptors. American Society of Immunologists^ San 

Francisco, CA, April 1998. 

20. Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 
May 1998. 

21. Apo2L as a potential therapeutic for cancer. UCLA School of Medicine. LA, 
CA, June 1998. 

22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 
Cancer Chemotherapy. New London, NH, July 1998. 

23. Control of apoptosis by Apo2L: Endocrine Society Conference, Stevenson, WA, 
August 1998. 

24. Control of apoptosis by Apo2L. International Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 
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25. Apoptosis control by death arid decoy rectors. AniOTcan Association for 
Cancer Research Conference, Whistler, BC, Canada, March 1999. 

26. Apoptosis control by death and decoy receptors. American Society for 
Biochemistry and Molecular Biology Conference, San Franciscd, CA, May 1999; 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 

Apoptosis, New London, NH, June 1999. 

. • ... i 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research ' 
Conference, Alexandria GA, Aug 1999. 

29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death.. Cold Spring 
Harbor, NY, September 1999. 

30. The Apo2L/rRAJL system: therapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 

31. Apoptosis and cancer therapy. Stanford University School of Medicine, Stanford, 
CA, Mar 2000. 

32. Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
Philadelphia, PA, Apr 2000. 

33. Apoptosis signaling by Apo2L/TRAIL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2L/TRAIL system: therapeutic potential. Cap-CURE summit meeting. 
Santa Monica, CA, June 2000. 

35. The Apo2L/TRAIL system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. ; Apoptosis signaling by*Apo2I/TRAIL. ThfcPro ; 

San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2L/TRAIL. AAPS annual meeting. Indianapolis, IN 
Aug 2000. 

38. Apoptosis signaling and anticancer potential of Apo2L/TRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2L/TRAIL. Kenote address, TNF family 
Minisymposium, NIH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 200 1 . 

41 . Preclinical studies of Apo2I/TRAIL in cancer. Symposium on Targeted therapies 
in the treatment of lung cancer. Aspen, CO, Jan 2001 . 
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42. Apoptosis signaling by Apo2L/TRAIL. Wiezmann Institute of Science, Rehovot, 
Israel, March 2001. 

43. Apo2L/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001 . 

44. Targeting death receptors in cancer with Apd2L/TRAIL. Cell Death and Disease 
conference, North Falmouth, MA, Jun 2001. 

45. Targeting death receptors in cancer with Apo2L/TRAIL. Biotechnology 
Organization conference, San Diego, CA, Jun 2001! 

46. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001. 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. r 

48. Apoptosis signaling by death receptors: overview. International Society for 
interferon and Cytokine Research conference, Cleveland, OH, Oct 2001. 

49. Apoptosis signaling by death receptors. American Society of Nephrology 
Conference. San Francisco, CA, Oct 2001 . 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. 

51. Apo2L/rRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRADL (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab. October 2002. 

53 . Apoptosis signaling by Apo2L/TRAIL. (Session co-chair) TNF international 
conference. ^San Diego, CA? October 2002. * * : * . - * 

54. Apoptosis signaling by Apo2L/TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. 

55. Apoptosis induction with Apo2L/TRAIL. Conference on New Targets and 
Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003 . 

56. Apoptosis signaling by Apo21/TRAIL. Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003. 
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EACH YEAR, over 182,000 women in the United States are 
diagnosed with breast cancer, and approximately 45,000 die 
of the disease. 1 Incidence appears to be increasing in the 
United States at a rate of roughly 2% per year. The reasons 
for the increase are unclear, but non-genetic risk factors appear 
to play a large rote. 2 

Five-year survival rates range from approximately 65%- 
85%, depending on demographic group, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most predic- 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most node-positive women are given adjur 
vant therapy, which increases their survival. However, 20%- 
30% of patients without axillary node involvement also 
develop recurrent disease, and the difficulty lies in how to iden- 
tify this high-risk subset of patients, These patients could 
benefit from increased surveillance, early intervention, and 
treatment. 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
hormone receptor status, DNAploidy, proliferative index, and 
cathepsin D status. Expression of growth factor receptors and 
over-expression of the HER-2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
prognosis. 

_ H£&~tyneu (also known as oerbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor. 
Numerous studies have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%-60% of intraductal breast carcinoma. 3 

There are two distinct FDA-approved methods by which 
HER-2/neu status can be evaluated: immunohistochemistry 
(IHC, HercepTest™) and FISH (fluorescent in situ hybridiza- 
tion, PathVysion™ Kit). Both methods can be performed on 
archived and current specimens. The first method allows visual 
assessment of the amount of HER-2/neu protein present on 
the cell membrane. The latter method allows direct quantifi- 
cation of the level of gene amplification present in the tumor, 
enabling differentiation between low- versus high-amplifica- 
tidh. At least one study has demonstrated a difference in 



recurrence risk in women younger than 40 years of age for 
low- versus high-amplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 1 6.7% for 
patients with no HER-2/neu gene amplification* 4 HER-2/neu 
status may be particularly important to establish in women with 
small (^ 1 cm) tumor size. 

The choice of methodology for determination of BER-2/ 
neu status depends in part on the clinical setting. FDA approval 
for the Vysis FISH test was granted based on clinical trials 
mvbtving) 1549 node-positive patients. Patients received one 
of three different treatments consisting of different doses of 
i cyclophosphamide, Adriamycin, and 5-fluorouracil (CAF) 
The study showed that patients with amplified HEft-2/neu 
benefited from treatment with higher doses of ^driamycin- 
based merapy, while those with normal HER-2/neu levels did 
not; The study therefore identified a sub-set of women, who 
because they did not benefit from more aggressive treatment, 
did not need to be exposed to the associated side effects. In 
addition, other evidence indicates that HER-2/neu amplifica- 
tion in node-negative patients can be used as an independent 
prognostic indicator for eariy recurrence, recurrent disease at 
any time and disease-related death. 5 Demonstration of HER- 
2/neu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage-2 
breast canber patients. 

Selection of patients for Herceptin c (Trastuzurhab) mono- 
clonal antibody therapy, however, is based upon demens^a- 
tion of HER-2/neu protein overexpressidn using HercepTest™. 
Studies using Herceptin 0 in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeutic agents and a small 
increase in overall survival rate. The FISH assays have not yet 
been approved for this purpose, and studies looking' at 1 response 
to Herceptin 0 in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well However, 
subsets of tumors are found which show discordant results; 

i;e., protein overexpression without gene amplification or lack 
of protein overexpression with gene amplification. The clini- 
cal significance of such resul ts is unclear. Based on the above 
considerations, HER-2/neu testing at SHMC/PAMi will utiV 
lize immunohistochemistry (HercepTest 0 ) as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, either 
method may be ordered individually depending on the clini- 
cal setting or clinician preference. 
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HER-2/neu via IHC 

88342 (Including interpretive report) 



HER-2/neu via FISH 3 

88271*2 Molecular cytogenetics, DNA probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 
ization, analyze 25-99 cells 4 
8829 1 Cytogenetics and molecular cytogenetics, interpret 

jtation ancj report 5 

Procedural Information 

Iminunohistochemistry is performed using the FDA-approved 
DAKO antibody kit* Herceptest^ The DAKO kit contains 
reagents required to complete a two-step irmrmnohisto- 
chemical staining procedure for.routinely processed, paraffin- 
embedded specimens. Following incubation with the primary 
rabbit antibody to human HER-2/neu protein, the kit employs 
a ready-to-use dextran-based visualization reagent This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules wi th horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion ef the subse- . 
quently added chromogen results in formation of visible 
reaction product at the antigen site. The specimen is then coun- 
terstained; a pathologist using light-microscopy interprets 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved PathVysion™ HER-2/neu DNA probe kit, pro- 
duced by Vysis, Inc. Formalin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section. The Pathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 1 7, Spectrum orange) present at 
the chrompsqme^i^centKunere and the second for the HER- 
2/neu oncogene located at 17ql 1.2-12 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of chromosome 17 to the number of copies of HER-2/neu to . 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homologies normally present or an increase in the number of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed &nd reported from the Vysis-certified Cytogenet- 
ics laboratory at SHMC 
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